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Identifying sources and timing of sediment production and delivery provides 
information useful to understanding the geomorphology of a forested 
mountainous watershed in the western Cascade Range of Washington State. 
Sediment production and delivery is studied by constructing a partial sediment 
budget for the upper South Fork of the Nooksack River drainage (South Fork 
drainage). The period of the partial sediment budget extends from 1940 through 
1991 and encompasses the pre- and post-management history of the watershed.
Four major sediment production and delivery sources - landsliding, streambank 
erosion, sheet and rill erosion and road-related erosion - were identified in the 
South Fork drainage. Each source was quantified in the field (1993) to 
determine its contribution to the volume of sediment produced and delivered to 
stream channels. The field data were coupled with data obtained from aerial 
photographs flown in 1940, 1956, 1972, 1979, and 1991 to yield a history of the 
basin and an estimate of the total sediment production and delivery for the entire 
study area over 52 years.
I document the sediment delivery rate over the 52 years study period to be 
110 m3 km'2 yr'i or 200 metric tons km'2 yrT This sediment production rate, 
which is comparatively less than sediment production rates measured elsewhere 
in the Pacific Northwest (Kelsey, 1980; Lehre, 1982; Raines, 1991), is attributed 
to a relatively stable geologic substrate and a lack of a recent massive landslide 
or major flood event in the South Fork drainage. This does not imply that these 
large events do not occur; nearly one tenth the land area is underlain by 
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INTRODUCTION
The upper South Fork of the Nooksack River (South Fork drainage) drains a 
forested and mountainous watershed in the North Cascades Range, Washington 
(Figures 1 and 2). The 130 km^ watershed is managed for timber, mining, 
anadromous fish and wildlife habitat by private, state and federal landowners. 
The 52 year study period (1940 - 1991, inclusive) encompasses the pre- and 
post-management history of the watershed.
In this study, I investigate sediment production and delivery to all stream 
channels in the South Fork drainage by constructing a partial sediment budget.
A partial sediment budget documents sediment production volumes, sources and 
timing. In the construction of a partial sediment budget for the South Fork 
drainage, I quantify sediment production and differentiate between sediment 
delivered to stream channels and sediment mobilized but redeposited before 
reaching the stream channel network. An understanding of sediment production 
and sediment delivery to stream channels yields insight into how land use, 
climate and geology affect the evolution of a forested landscape (Reid et al.,
1981). A partial sediment budget differs from a complete sediment budget 
because it does not attempt to document the rate of sediment transport out of a 
watershed or sediment storage residence times (Dietrich and Dunne, 1978;
Reid et al., 1981; Dietrich et al., 1982). For practical reasons the partial 
sediment budget was used because a partial sediment budget can be completed 
with a minimum of field time and expense while at the same time providing 
information to those who seek to manage the resources of the South Fork 
drainage.
Scale
25 50 75 100
kilometers
Figure 1. Map of western Washington showing study area location and 
regional faults (after Tabor, 1994).
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Sites and sources of sediment production and delivery are documented on the 
basis of four months’ field work (1993) and from five sets of aerial photographs, 
taken in 1940,1956,1972, 1979, and 1991 (Table 1). For each photograph 
year, sediment sources were identified and their contributions to stream 
channels quantified. Changes in land use were documented for the same time 
intervals. Sediment production was computed for the 52 year period from the 
earliest complete aerial photograph coverage through the most recent complete 
aerial photograph coverage. Volumes calculated from measurements made in 
the field (1993) were combined with the linear and areal measurements made 
from the aerial photographs to estimate the volume of sediment produced from 
each erosion process identified for the entire South Fork drainage.
All the aerial photograph dataware collected using a Carlo Instruments API90 
analytical plotter. Aerial photograph data were compiled and processed using 
the Geographic Information System (GIS) software ARC/INFO.
PREVIOUS STUDIES
Reid et al. (1981), Made] (1981), Swanson and Fredriksen (1982), Megahan 
(1982), Megahan et al. (1986), Eide (1990), Raines (1991) and Ballerini (1993) 
have studied sediment production in forested and mountainous watersheds in 
the Pacific Northwest. Sediment production rates in the Pacific Northwest vary 
from 200 m^ km'2 yr-i on Big Beef Creek in the lowlands of the Olympic 
Peninsula, Washington (Made), 1982) to 3150 m3 km-2 yr-i on Grouse Creek in 
Northern California (Raines, 1991). The variation of sediment production rates 
for the Pacific Northwest is related to climate, geologic differences and land-use 
practices. Documenting the linkage between sediment produced by natural 
versus human- induced processes reveals the role that climate, geologic
4







1940* 1:21,000 Earliest photograph flight available.
1947 1:27,000 Only qualitative data collected.
1956* 1:15,840 17
1963 1:12,000 Only qualitative data collected.
1972* 1:15,000 16
1979* 1:24,000 7
1989 1:40,000 Aerial photograph set used to establish 
location control for all aerial photograph sets.
1991 * 1:15,000 12
* Dates followed by an asterisk indicate photograph sets used for data compilation.
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materials and timber management practices have played in the evolution of a
watershed. Knowledge of how a watershed will respond to climatic and land-use
practices is essential to the wise management of fish, timber, water, mineral and
recreational resources.
PHYSIOGRAPHY
The South Fork of the Nooksack River drainage (South Fork) is located on the 
western flank of the North Cascades Range approximately 30 km south of the 
Canadian Border and 100 km northeast of Seattle (Figure 1). The 130 km^ 
study area rises more than 1500 m from 315 m above sea level at the South 
Fork Nooksack River - Howard Creek confluence to 1840 m above sea level on 
the South Sister of Twin Sisters Mountain (Figure 2). The mainstem of the South 
Fork, a fifth order stream channel, has an average discharge of 22 m3 s*"' and 
channel gradient of 11 m km-"' (Walker, 1960). Mount Baker, the most northern 
Cascade stratovolcano in the United States, is 10 km to the northeast. Although 
this volcano is not in the study area it influences the climate of the South Fork 
drainage.
The average annual precipitation of the South Fork drainage exceeds 2300 mm.
Most precipitation falls as rain during the cool, wet months from October to April.
However, snowfall commonly exceeds 1200 mm, with a deep snow pack
persisting into the early summer at elevations above 1000 m. Snow typically
closes roads below 1000 m from mid-December through mid-April and above
1000 m from November through May (Goldin, 1992). Snow closures vary
considerably from year to year and with vegetation density. ^
Approximately 75 percent of the South Fork drainage is covered by Douglas Fir,
6
Western Hemlock and Western Red Cedar forest (Table 2) (Williams et al.,
1985; Interagency Grizzly Bear Habitat Study Project, 1988). Alder and 
Cottonwood trees grow in the riparian zone and on the older logged slopes. The 
forest growing on Twin Sisters Mountain has a lower density than the forest 
elsewhere in the South Fork drainage. Alpine shrubs, berry bushes, and 
grasses are found above tree line (approximately 1400 m). The upper slopes of 
Twin Sisters Mountain are unvegetated (Table 2).
GEOLOGY
BEDROCK GEOLOGY
The study area lies within the Northwest Cascades System (Figure 1) (Misch, 
1966; Brown et al.,1986; Tabor, 1994). The Straight Creek Fault bounds the 
Northwest Cascades System to the east and the Darrington-Devils Mountain 
Fault bounds the Northwest Cascades System to the south (Figure 1) (Tabor, 
1994).
Geology of the South Fork drainage consists of three thrust nappes, the 
Shuksan, Welker Peak and Excelsior. These thrust nappes overlie the basal 
Nooksack Group along the Excelsior thrust fault. The Welker Peak thrust fault 
separates the Excelsior and Welker Peak nappes. The Shuksan thrust fault 
separates the Welker Peak nappe and the Shuksan nappe (Figure 3). The 
Welker Peak nappe lies between the high metamorphic grade rocks of the 
Shuksan nappe and the lower metamorphic grade and sedimentary rocks of the 
Excelsior nappe (Tabor et al., 1994).
The Shuksan nappe consists of semischist and phyllite rocks found at Mount 
Josephine (Tabor et al., 1994) and the Shuksan Greenschist and Carrington
7
TABLE 2. CLASSIFICATION AND AREAS OF LANDCOVER
TYPES.




Lakes 8 0.1 0.00
Forest 4,359 43.6 0.86
Alpine 393 3.9 0.08
Unvegetated 281 2.8 0.06
Totals 5,041 50.4 1.00
Bell Creek
Lakes 13 0.1 0.00
Forest 3,473 34.7 0.65
Alpine 803 8.0 0.15
Unvegetated 961 9.6 0.18
Snow Fields 88 0.9 0.02
Totals 5,339 53.4 1.00
Wanlick Creek 
Lakes 2 0.0 0.00
Forest 1,910 19.1 0.74
Alpine 640 6.4 0.25
Unvegetated 30 0.3 0.01
Totals 2,581 25.8 1.00
Basin Totals 
Lakes 23 0.2 0.00
Forest 9,742 74.9 0.81
Alpine 1,836 14.1 0.15
Un vegetated 399 3.1 0.03
Snow Fields 88 0.7 0.01
Totals 12,088 93.0 1.00
All data taken from Interagency Grizzly Bear Habitat 
Study Project (1988).
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Phyllite (Misch, 1966). The rocks of the Shuksan nappe have the least 
topographic relief of the major lithologic units in the South Fork drainage. 
Although Shuksan nappe rocks are strongly foliated, they supply the lowest 
volume of bedrock-derived landslide material. However, large areas of the 
Mount Josephine semischist are subject to deep bedrock creep (sackung). The 
Shuksan nappe rocks support a dense drainage network and are easily eroded 
by surface runoff. Compare the drainage network shown on Figure 2 with the 
location of the Carrington Phyllite and semischist of Mount Josephine (Figure 3).
The primary component of the Welker Peak nappe is the Bell Pass melange (the 
Elbow Lake Formation of Brown et al., 1986), an assemblage of sandstone, 
phyllite, ribbon chert, basalt and ultramafics. Gneissic rocks of the Yellow Aster 
Complex, found at Park and Dock Buttes, comprise a minor constituent of the 
Welker nappe in the South Fork drainage. Ultramafic rocks at Twin Sisters 
Mountain and Goat Mountain also occur within the Welker Peak nappe. The 
rocks of the Welker Peak nappe, with the exception of the Twin Sisters dunite, 
support a topographic relief that is marginally steeper than the Shuksan nappe 
rocks. Welker Peak nappe rocks produce frequent landslides with the Twin 
Sisters dunite contributing the most landslides and the greatest volume.
However, most of the landslides that originate from the Twin Sisters dunite were 
not active during the study period (see landslide section for a discussion of 
landslide activity).
The Excelsior nappe is composed of slightly metamorphosed basalt, andesite, 
sandstone, siltstone, shale and limestone of the Chilliwack group and Cultus 
Formation (Blackwell, 1983). Rocks of the Excelsior nappe support greater relief 
and steeper slopes than all other rocks, except for the Twin Sisters dunite. 
Excelsior nappe rocks comprise nearly one half the bedrock-derived landslide
11
lithologies, but only a small proportion of the total landslide volume. Except for 
local shale outcrops and fault gouges, the Excelsior nappe rocks are among the 
least erodible rocks in the basin.
GLACIAL GEOLOGY
Glacial geology of the South Fork drainage is dominated by the advance (20 ka) 
and retreat (15 ka) of the Puget Lobe of the Cordilleran Ice sheet (Bretz, 1913; 
Mullineaux et al., 1965; Armstrong, 1965; Easterbrook, 1969; Clague et al.,
1980; Easterbrook, 1994). Glacial erratics found at an elevation of 1700 meters 
on Twin Sisters Mountain indicate that the basin was almost completely buried 
by the Puget Lobe (Easterbrook, 1969). Southward advance of the Puget Lobe 
was faster in the Puget Lowland than over the rugged terrain of the North 
Cascades Mountains. The different advance rates allowed the Puget Lobe to 
block the outlet of the South Fork Nooksack River forcing it southward into the 
Skagit River. When the Skagit River was blocked by the advancing ice in the 
Puget Lowland, a proglacial lake formed in the South Fork drainage (Heller, 
1978; pers. comm., Easterbrook, 1994). The formation of proglacial lakes near 
the field area is well documented by Heller (1978) at Lyman Pass near the 
mainstem of the South Fork Nooksack River and at Baker Lake, five km east of 
the study area.
I found glacial lacustrine deposits (varved clays) at the base of the exposed 
valley fill in the South Fork drainage. The base of the varved clay is not exposed 
in the study area. The middle part of the valley fill consists of one to six meters 
of glacial outwash overlying the varved clay. The outwash deposits are capped 
by a discontinuous deposit of lodgement till one to two meters thick. This
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sequence is similar to deposits at Lyman Pass described by Heller (1978). The 
valley fill sequences in the study area and at Lyman Pass are consistent with the 
formation of a proglacial lake that was subsequently overridden by the advancing 
Cordilleran Ice Sheet.
The glacial deposits form a thick (10 to 30 meters), contiguous, terraced unit on 
the valley floor (Figure 3) and a thin, discontinuous mantle of sediment and 
erratics on the bedrock hillslopes. The discontinuous mantle of glacial sediment 
occurs locally as kame terraces and ablation till. Few of these deposits are large 
enough to be depicted on the 1:100,000 scale geologic maps available for the 
South Fork drainage (Figure 3) (Brown et al., 1986; Tabor et al., 1994). The 
glacial deposits are prone to slumping and, when devegetated, are eroded easily 
by surface runoff.
LAND USE HISTORY
Roughly 70 percent of the study area is managed by the Mount Baker- 
Snoqualmie National Forest, including Twin Sisters Mountain and the Sisters 
Divide areas in the Mount Baker Wilderness. The remainder of the study area is 
on Washington State Department of Natural Resources, Seattle City Light and 
private timber company lands.
Trees in the South Fork drainage were and are harvested exclusively by 
clearcutting. All timber, whether it was tractor or cable yarded from the 
hillslopes, was transported from the basin by truck. No significant road 
construction or logging had taken place in the South Fork drainage prior to 1940. 
Only a few road segments and logged areas overlapped the watershed 
boundary in 1940 (Figure 4a).
13
Figure 4a. Logging an(jl road activity as of 1940.
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Figure 4b. Logging and road activity as of 1956.
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Figure 4c. Logging and road activity as of 1972.
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Figure 4d. Logging and road activity as of 1979.
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Roads totaling 150 km in length have been constructed in the South Fork 
drainage (Figure 5). The roads were constructed in two pulses: one prior to 
1947 in the Mainstem subbasin and the other during the 1960's in Bell Creek 
and Wanlick Creek subbasins. Roads constructed in the Mainstem subbasin 
have experienced periods of abandonment and reuse, with several roads being 
constructed along the same corridor decades apart. There are several roads in 
the Mainstem subbasin that have been completely reclaimed by second growth 
forest. All of the mainline and secondary roads constructed in the Bell Creek 
and Wanlick Creek subbasins could be traveled in 1993, although the harvest 
unit spur roads have been reclaimed by second growth trees. Roads in the Bell 
Creek and Wanlick Creek subbasins have been maintained for recreational use 
after logging ceased, whereas roads on private lands were allowed to 
revegetate.
In the period 1940 to 1960, logging advanced rapidly on private forest land from 
the Howard Creek confluence to the Wanlick Creek confluence as roads were 
built to access timber (Figures 4a and 4b). Logging began on National Forest 
lands (Bell Creek and Wanlick Creek subbasins) in the 1960's, following a 
pattern of road construction with subsequent timber harvest (Figure 4c though 
4d). Nearly one half of the area that would be logged in the Mainstem subbasin 
by 1991 had been clearcut by 1956 and nearly two thirds of the area that would 
be logged in the Bell Creek and Wanlick Creek subbasins by 1991 had been 
clearcut by 1979. Relatively little timber was harvested from 1972 until the 
1980's. The area logged during the 1980's exceeded the area logged during the 
1940's and 1950's (Figure 6). Harvesting of second growth timber at Mount 
Josephine and of old growth timber near Goat Mountain was evident on the 
1991 aerial photographs and during the 1993 field season. All timber harvesting
19
8 45 98 118 149
Aerial photograph interval
H Mainstem O Bell Creek C] Wanlick Creek
Figure 5. Histogram showing the cumulative length of road in the South 
Fork drainage at the end of each time interval. The total length of road for the 
three subasins, in kilometers, is listed at the top.
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Aerial photograph interval
Figure 6. Histogram showing the cumulative area clearcut in each subbasin 
at the end of each time interval. The cummulative area clearcut, in square 
kilometers, at the end of each time interval is listed at the top.
on National Forest lands (Bell Creek and Wanlick Creek subbasins) was 
suspended in 1988 (pers. comm., Roger Nichols, USDA Forest Service, 1993).
The Twin Sisters dunite contains chromite, a source of chromium (Moen, 1969). 
Since 1940, 25 chromite claims have been filed within the field area but none 
were mined. In the late 1940’s, a road was constructed to Three Lakes where 
several exploration pits were excavated (Figures 2 and 4b). Since 1946 dunite 
has been continuously mined for use as aggregate for refractory brick 
manufacture from one of three quarries on Twin Sisters Mountain. Two of these 
quarries are in the study area (Figure 2). The Scheel Quarry, just upstream from 
the westernmost bridge across the South Fork, began operation in 1946 and 
ceased operation in 1956 (Green, 1946; Roberts, 1947; Valentine, 1960). A 
second quarry (Forest Service Quarry), located below the Wanlick confluence on 
the South Fork mainstem, opened in 1956 and closed in 1978 (pers. comm., 
Roger Nichols, USDA Forest Service, 1993).
SEDIMENT PRODUCTION
INTRODUCTION
Sediment production is the volume of sediment mobilized from all erosion 
processes (Lehre, 1982). Four major processes produce sediment: landsliding, 
sheetwash and rill erosion, streambank erosion and road-related erosion. I also 
quantify sediment production in terms of sediment delivery to stream channels 
and sediment mobilized but redeposited before reaching the stream channel 
network.
Sediment production in the South Fork drainage was estimated by identifying the 
four major erosional processes in the field. Each erosional process was
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quantified to determine the relative importance of its sediment production volume 
and sediment volume contribution to the stream channel network. Field- 
measured volumes of sediment production represent a sample of the total 
sediment produced from each erosional process. After completion of field work,
I digitized the linear and areal dimensions of the sediment production sources as 
sets of individual points for the entire South Fork drainage from aerial 
photographs flown in 1940, 1956, 1972, 1979 and 1991. The GIS ARC/INFO 
converted the digitized data to lengths and areas. The time intervals between 
the aerial photograph flights were used to establish the landslide, streambank 
erosion, logging, and road construction history of the South Fork drainage. 
Volumes calculated from measurements made in the field were combined with 
length and area measurements made from the aerial photographs to yield a 
volume of sediment produced from each erosional process. The basin-wide 
sediment production volumes obtained from this analysis were combined with 
the basin history to yield a picture of sediment production in the South Fork 
drainage the 52 year study period.
Evaluation of Uncertainty
Uncertainty is evaluated by looking at the accuracy of my observations and 
assumptions and the precision of the data collection techniques. Accuracy 
cannot be evaluated because there is no way to independently verify my 
observations or test the assumptions. The observations I made in the field and 
from aerial photographs represent the condition of the South Fork drainage at 
several distinct times. All conclusions drawn from these observations are 
extrapolations and interpolations that reflect the large spatial and temporal 
variations of episodic and continuous processes, such as landsliding and soil 
creep. However, I can qualitatively evaluate the precision of the measurement
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techniques I used. A qualitative evaluation of uncertainty will follow the 
discussion of each major sediment production source.
All sediment production and delivery measurements and estimates represent the 
volume of material mobilized by the identified process. The volume of material 
mobilized will always be less than the volume of the same material after it has 
been deposited. This expansion in volume results from the incorporation of void 
space during transport and deposition. The expansion of the sediment volume 
during transport and deposition is expected to have a negligible effect on the 
precision of the total sediment production and delivery volume estimate for the 
52 year study period.
Landslides
Measurement Techniques
Landslides include all natural and human triggered mass movements of 
sediment. Landslide areas were measured from aerial photographs. Volume 
estimates for a representative set of landslides were calculated from field 
measurements made with a tape measure and/or optical range finder. The 
gradient of the hillslope before failure,and the head scarp, lateral scarps and 
slide plane were measured using the inclinometer on a Brunton compass. The 
geometry of each landslide was simplified to a set of three dimensional polygons 
and their volumes summed to compute the landslide volume. The shape of the 
pre-failed surface was assumed to be concave for most landslides. However, for 
some of the debris block slides and debris flow runout tracks, I assumed that the 
original ground surface was planar.
The volumes of landslides identified on the aerial photographs were estimated
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by computing the relationship between planform area and volume of the field 
measured landslides (Table 3). Separate linear regression relationships were 
determined for debris avalanches (Figure 7), debris block slides (Figure 8) and 
debris flows (Figure 9). I did not measure rock slides or rock avalanches in the 
field to calculate their volumes and because debris avalanches are similar in 
morphology to rock slides and rock avalanches, I used the debris avalanche 
regression relationship to compute the volume of rock slides and rock 
avalanches.
Sediment delivery to stream channels by landsliding is the volume of sediment 
observed to have been mobilized by a landslide minus the volume of sediment 
redeposited before reaching a stream channel. I recognize that all the sediment 
set in motion by a landslide and redeposited on the hillslope will eventually reach 
the stream channel but delivery will be by another process at another time. 
Sediment delivery is computed as the average percent delivered for each of the 
three shallow-rapid landslide types detailed below.
Uncertainty in Landslide Measurement
Estimation of sediment production and delivery by landsliding is only as accurate 
as the assumptions used to make the estimate. The landslide volume 
calculations are based on two assumptions (1) the landslide area measured from 
aerial photographs is representative of the actual landslide area and (2) the area 
to volume regression developed from the field data represent the actual 
landslide area to volume relationships. It is only possible to evaluate the 
accuracy of the assumptions qualitatively. I will close this assessment of 
uncertainty in landslide measurement by qualitatively evaluating the precision of
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TABLE 3. COEFFICIENTS IN THE FORCED LINEAR REGRESSION BETWEEN FIELD 








Debris avalanche 1.04 0.82 50
Debris block slide 3.24 0.83 26
Debris flow/ 0.80 0.74 10
(1) The regression coefficient presented in this table are derived from Figures 7 through 9.
(2) The regression \were forced through the origin, see text for explanation.
(3) The slope of the regression line (m) represents the depth of the landslide, in meters.
(4) R squared is the regression coefficient.
















Figure 7. Graph showing the relationship between field mesured debris 
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Figure 9. Graph showing the relationship between field measured debris 
flow area and field measured debris flow volume.
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the aerial photograph and field measurement techniques.
The total South Fork drainage area measured using a digitizing tablet and USGS 
7.5 minute topographic maps agrees with the area measured on aerial 
photographs using the AP190 analytical plotter to within one percent. The close 
agreement between the area measured these two ways indicates that area 
measurements made using the AP190 analytical plotter can be considered 
accurate.
How well landslide area measured on aerial photographs predicts the true 
landslide area, as measured in the field, is seen in Figure 10. I used a linear 
regression forced through the origin to fit a line to the data. I forced the linear 
regression through the origin because a landslide with zero area as measured 
from an aerial photograph cannot have a finite area. This is not strictly true, 
because landslides that occur on nearly vertical hillslopes would have a small 
visible area from the vantage point of an aerial photograph. However, since 
landslides originating from extremely steep hillslopes are difficult to see on aerial 
photographs, they were often not mapped. The percentage of the landslide 
sediment volume derived from the failure of near vertical slopes is considered to 
be insignificant relative to the total landslide sediment volume, so no estimate of 
uncertainty is assigned from this component of the analysis.
The regression equation derived from the data in the Figure 10 shows the 
relationship between the aerial photograph and field measured area is good, on 
average. The considerable scatter seen in Figure 10 is related to the resolution 
power of the API 90 analytical plotter and my ability to recognize a particular 
landslide on an aerial photograph. It is not possible to identify landslide 






















Figure 10. A plot of map area of field measured landslides versus map area of the 
corresponding landslides measured from aerial photographs. The relationship plotted above 
shows good agreement between landslide areas measured in the field and landslide areas 
measured from aerial photographs. The field measured landslide areas are assumed to be a 
more accurate representation of the actual map area of the landslide.
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The ability to capture the area of a landslide is also affected by the minimum 
resolvable distance between points on the AP190 analytical plotter. When 
collecting linear or areal data it was not possible to digitize points closer than 1 to 
3 meters on the ground for a typical 1:15,000 scale aerial photograph. Because 
of the minimum resolvable distance, the AP190 analytical plotter limits precision 
of linear and therefore areal data. The uncertainty of area measurement is 
chiefly due to operator error, that is recognition of landslide boundaries.
One component of uncertainty was seen while editing the aerial photograph data 
on the GIS. The resolution power of the AP190 analytical plotter made it difficult 
to close the area measurements without overlapping the starting and ending 
points. This overlapping of the landslide perimeter measurements using the 
API 90 analytical plotter generated some extra area that had to edited from the 
measurement. The editing process in the GIS allowed me to clean this source of 
uncertainty from the raw aerial photograph data without reducing the precision of 
the area measurements. Removing the overlapping data points invariably 
reduced the size of a landslide polygon and therefore the area of that landslide.
A review of the aerial photograph data reveals that it was not possible to record 
areas less than 30 m^ using the AP190 analytical plotter. A review of the 
landslide area data in Tables A-1 through A-5 reveals several landslides smaller 
than 30 m^. These small area measurements result from removing overlapping 
data points during the editing process.
The minimum recordable distance between points (1 to 3 meters) and the 
minimum recordable area (30 m2) also means the area of very small landslides 
will include area that was not mobilized by the landslide. This is especially true 
because I made an effort to capture all visible landslides, no matter the size. In 
the case of large landslides, irregularities in the landslide perimeter tend to be
32
smoothed out and truncated by the operator. Vegetation and shadows covering 
a portion of a landslide also contribute to the lack of measurement detail, 
especially in the case of older large landslides. However, the area unrecorded 
because of such loss of detail is insignificant relative to the total area of large 
landslides. This imprecision in measurement of landslide area therefore 
contributes little to the magnitude of the measurement uncertainty, so no 
uncertainty estimate is attributed to this component of the analysis.
The addition and subtraction of area for landslides measured on aerial 
photographs is essentially a random process, and the measured values should 
be evenly distributed around the mean. That is, the overestimation of landslide 
areas should roughly balance the underestimation of landslide areas. The 
landslide sample is large; nearly 1300 landslide areas digitized from the five 
aerial photograph sets (a particular landslide may have had its area measured 
from more than one aerial photograph time interval). There is negligible 
uncertainly due to instrumental precision. However, there may be considerable 
uncertainty due to the problem of recognition of the same landslide in the field 
and on an aerial photograph (Figure 10). This uncertainty is considered low 
because there is no reason to suspect operator bias. Figure 10 indicates that, in 
spite of the scatter of data points, the overestimation and underestimation 
appears to average out.
The field measurements of landslide dimensions (e.g. length, width, depth and 
slope) and the conversion of these dimensions to volumes are essentially 
precise. However, conversion of the aerial photograph area measurements to 
volumes (Table 3 and Figures 7 through 9), using the relatively small field 
sample, introduces uncertainty. The slope of the line on the area to volume 
regression represents the depth of the landslide, in meters. The depths of the
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landslides surveyed in the field were determined by examining the landslide site, 
after making an assumption that the pre-landslide surface was either concave or 
planar. The estimate depth of landslides derived from the regressions are 
constant with landslide failure depth for the types of landslides identified in the 
study area. Given the large number of landslide areas measured and the 
relatively high precision of the field and aerial photograph measurement 
techniques, I estimate the total uncertainty associated with calculating the 
landslide volume from the regression relationships to be low.
Landslide Classification and Discussion
Landslides in the South Fork drainage are classified as shallow-rapid failures or 
as deep-seated failures based on rate of movement, cohesion of the slide mass 
and depth of failure (Varnes, 1978).
Shallow-rapid landslides
Debris Avalanches, Debris Block Slides and Debris Flows
Shallow-rapid failures, debris avalanches, debris block slides and debris flows, 
occur in weathered bedrock or unconsolidated deposits (Varnes, 1978;
Dietrich et al., 1986; Gallino and Pierson, 1984; Pierson and Costa, 1987;
Benda, 1990; Benda and Cundy, 1990). Shallow-rapid landslides account for 
the greatest volume of sediment delivered to stream channels. The failure plane 
of a shallow-rapid landslide is typically less than the rooting depth of the native 
vegetation and the maximum depth of the failure plane rarely exceeds the 
rooting depth by more than 0.5 m. However, for debris block slides the failure 
depth is quite a bit deeper. These landslide are still classed as a shallow-rapid 
failure because their velocity of slide movement is rapid. Roots provide a
34
cohesive force binding soil particles together (Swanson and Swanston, 1977; 
Grey and Megahan, 1981) and binding the soil mass to the hillslope (O'Loughlin, 
1974; Grey and Megahan, 1981). Vegetation removal leads to decreased root 
strength and therefore a reduction in slope stability (Burroughs and Thomas, 
1977). Loss of slope stability will persist three to ten years until there is sufficient 
new root growth to stabilize the slope (Sidle, 1985). Shallow-rapid failures 
generally remove and transport all vegetation, rock and soil from the site of slope 
failure to the site of deposition.
Dam-break floods
A means of conveying sediment en masse is by dam-break floods. It is not 
possible to differentiate between debris flows and dam-break floods based on 
aerial photograph data alone. Because of insufficient field data, I could not 
distinguish between dam-break floods and debris flows in the field. Therefore, I 
classified dam break floods as debris flows and determined the volumes of dam- 
break floods using the debris flow regression.
Although I combined debris flows and dam-break floods for computational 
purposes, there are several important differences between the two processes. 
Dam-break floods are initiated by the failure of a sediment and/or woody debris 
dam in first through fourth order channel (Johnson, 1991; Coho and Burges,
1991; Coho and Burges, 1994). A debris dam typically fails by overtopping 
(Costa, 1988), whereupon a mass of sediment mixed with woody debris moves 
down the channel. The sediment picks up water as it moves downslope, 
eventually gaining enough water to become a flood or a hyperconcentrated flow 
(Pierson and Costa, 1987). The lower viscosity of a dam-break flood enables 
the material to travel farther and deliver sediment to higher order channels than
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a debris flow would (Johnson, 1991). Dam-break floods tend to transport more 
sediment than debris flows because the large woody debris entrained by dam- 
break floods recruits large amounts of sediment from the streambank. Because 
dam-break floods tend to recruit and transport more sediment than debris flows, 
estimating the volume of a dam-break flood using the debris flow regression will 
yield a conservative estimate of the sediment volume produced.
Rockslides
Rockslides are the downslope movement of detached bedrock. With few 
exceptions, rockslides in the study are confined to the alpine and unvegetated 
slopes of Twin Sisters Mountain. Rockslides identified on Twin Sisters Mountain 
showed no detectable change during the study period, indicating rockslide 
activity predates 1940. However, rockslides have constructed large debris fans 
in the valleys on Twin Sisters Mountain, indicating past activity. These debris 
fans have influenced the morphology of the stream draining Twin Sisters 
Mountain. Areas with the highest instance of rocksliding are prone to snow 
avalanching. Many of the rockslides are unvegetated or have downed trees in 
their runout zones, indicating that the rockslide tracks serve as snow avalanche 
chutes as well.
Deep-seated Landslides
Deep-seated landslides include slump-earthflows, large-scale bedrock slump 
structures and gravity sagging mountain slopes (sackung). These landslides are 
characterized by movement of large cohesive blocks along rotational or 
translational failure planes. Deep-seated landslides fail along surfaces that can 
be tens of meters below the ground, well below rooting depth of most vegetation. 
Such landslides involve soil, saprolite and fresh bedrock (Dietrich et al., 1982).
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Their deeply buried failure planes make these landslides difficult to identify in the 
field because the failure plane is not visible and vegetation is not removed during 
landslide movement. However, changes in hydrology and topography cause 
canopy conversion from conifer to deciduous trees by altering soil moisture 
conditions.
Based on my observation that old and second growth timber on deep-seated 
landslides had not been disturbed sufficiently to result in recent canopy 
conversion and that visible rupture of the slide mass is lacking, I infer that deep- 
seated landslides have been inactive during the study period. Furthermore, I 
observed no change in stream morphology near identified deep-seated 
landslides. Because there are few data on sediment production rates that can 
be applied to the slow moving deep-seated landslides in the South Fork 
drainage, I did not assign a sediment production rate for the deep-seated 
landslides. Nonetheless, these landslides are important because they are loci 
for shallow-rapid landslides.
Slump-earthflows
Slump-earthflows occur in a one half kilometer wide belt along the mainstem of 
the South Fork River (Figures 11 and 12) where they are only found in the 
glacial deposits confined to the valley bottom. Only four, which constitute less 
than 5 percent of the total identified slump-earthflows, are sufficiently active to 
have caused conversion of the old growth conifer forest to deciduous forest on 
the 1940 aerial photographs. Hence, most of the slump-earthflows have not 
been active during the past few hundred to one thousand years. However,
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(Frasie, 1981; Blackwell, 1983; Tabor et aL, 1994)
Figure 11. i
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shallow-rapid landslides occur on the slump-earthflow surface shortly after a 
slump-earthflow logged (Figure 12).
Slump-earthflows in the South Fork River watershed are a legacy of the glacially 
deposited valley fill left by the Cordilleran Ice Sheet. The valley fill, composed of 
varved clay, glacial outwash and lodgement till, plays host to ground water 
conditions that favor the initiation and maintenance of slump-earthflows 
movement. Slump-earthflows typically fail at the lacustrine clay/glacial outwash 
contact or in the upper few meters of the lacustrine clay. Because of the failure 
plane location I infer that hydraulic head builds up in the overlying outwash 
deposits, increasing fluid pressure and decreasing the strength of the hillslope.
Riparian vegetation along the South Fork channel made it difficult to determine 
the limits of a slump-earthflow. Criteria used to identify slump-earthflows include 
canopy disturbance (leaning or bent trees), wetlands, sag ponds, interruptions in 
the surface drainage pattern and horst and grabens structures on the slide block 
(Figure 12). Logging improved resolution of the terraced glacial sediments and 
allowed me to distinguish the slump-earthflows from river terraces.
Bedrock slumps
Numerous large bedrock slumps have been identified in the South Fork drainage 
by Roberts (1947), Frasse (1981), Blackwell (1983), and Tabor et al., (1994). I 
delineated several bedrock slumps not previously identified (Figure 11). Bedrock 
slumps underlie nearly 10 percent of the forested portion of the South Fork 
drainage (Table 4). Criteria employed to map the limits of bedrock slumps 
include raw area or cliff at the headscarp (not always present), sag pond at the 
headscarp (not always present), bulging lower slope, secondary landsliding, 
downed trees exposing bedrock and arcuate lineations, which are only visible in
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5* 1,543,200 1.5 Crosses a subbasin boundary.
6 53,400 0.1
7* 400,400 0.4 Scheel Quarry Landslide





Total 2,874,000 2.9 0.05
Wanlick Creek
6 9,000 0.0 Crosses a subbasin boundary.
10 260,900 0.3
11 * 411,500 0.4
12 547,000 0.5
Total 1,228,400 1.2 0.05
Study Area
Total 9,374,700 9.4 0.07
(1) The numbers refer to Figure 8.
(2) Numbers followed by an asterisk refer to landslides which have been field verified by,
Frasse (1981); Blackwell (1983); Tabor et al., (1994) and this study.
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Sackung
Gravity sagging mountain slopes, or sackung, have been identified at Mount 
Josephine (Figure 2). Sackung form in mechanically weak rocks with strong 
schistosity, bedding or foliation and are found in valleys with glacially 
oversteepend slopes (Varnes et al., 1989; Schmit, 1993). The failure plane for a 
sackung can be thought of as a fault. However, the failure plane forms in 
response to gravitational stress applied locally to steep slope and not by regional 
tectonic stresses (Varnes et al., 1989).
Sackung have been identified northeast of the study area at Lyman Hill and 
Anderson Mountain (Thorsen, 1989). Sackung appear to be confined to the 
semischist of Mount Josephine as defined by Tabor et al. (1994). (This unit was 
previously classified as Darrington Phyllite by Brown et al. (1986). Lyman Hill 
and Anderson Mountain are underlain by Darrington Phyllite (Brown et al., 1986), 
and because Lyman Hill and Anderson Mountain have not been remapped, the 
Darrington Phyllite at these locations also may be the semischist of Mount 
Josephine.)
Criteria used to identify sackung include foliated homogenous bedrock, glacially 
oversteepend slopes, grabens, closed depressions and ephemeral ponds at 
ridge crests, rounded hillslopes with a bulge on lower slopes, greater than 
1000 m of relief and small uphill facing scarps that parallel the topographic
old growth timber. Some of the arcuate lineations may be the result of subglacial
streamflow (pers. comm., Tabor, 1994). When identifying bedrock slumps, I
considered lineations as diagnostic if they could be traced from the landslide
headscarp to the landslide toe or if they occurred in an en echelon pattern
throughout the landslide mass.
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The formation and the rate of sackung movement are poorly understood. 
Movement history of the sackung at Lyman Hill and Anderson Mountain is 
unknown, nor is there any aerial photograph or field evidence that the sackung 
at Mount Josephine have moved since 1940. Landslides associated with 
sackung do not appear to be any more abundant than landslides associated with 
non-sackung landscapes. Although there are numerous landslides in the 
semischist of Mount Josephine, these landslides account for a small portion of 
the overall landslide sediment production and delivery volume (Figure 4e and 
Appendix A).
History of Landsliding
In the South Fork drainage, the number of landslides and the volume of 
sediment produced by landsliding both increase in the South Fork drainage from 
1940 through 1991 (Figures 13c though 13g). The spatial distribution of 
landslides reveals a link between landslide density and rock type. The high relief 
ultramafic rock (dunite) of the Welker Peak nappe contributes the greatest 
sediment volume to the stream channels of the South Fork drainage (Figure 14). 
However, landslides derived from ultramafic bedrock typically occur as rock 
slides, that have not been active during the study period. Therefore, the 
apparently large sediment contribution from ultramafic bedrock is due, in part, to 
the persistence of landslide scars at lower elevations and to snow avalanches 
that keep the slide area clear of vegetation. The low frequency and low volume
contour and have asymmetric cross sections. Each one of these features,
outlined by Varnes et al. (1989) as being indicative of sackung, can be observed
on Mount Josephine. In addition, the slopes and drainage pattern at Mount
Josephine strongly resemble those at Lyman Hill and Anderson Mountain.
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Figure 13f. Landslide locations as of 1979.
Geology simplified from Tabor et al., 1 9 9 4 ._______________________________________ _________
Figure 13g. Landslide locations as o f 1991.
of landslides originating in the Shuksan nappe rocks are surprising because 
these rocks are well foliated, and therefore mechanically weak and easily eroded 
(Figure 14). After adjusting the volume of sediment derived from the ultramafic 
rocks for a lack of rockslide activity during the study period, the glacial deposits 
(especially the Quaternary valley fill) fail with greater frequency and in larger 
volumes than any other geologic unit (Figure 14). The glacial deposits tend to 
fail whether they are the thick valley fill or relatively thin ablation till.
STREAMBANK EROSION
Sediment production by streambank erosion is computed for two stream size 
classes, first through third order and fourth plus fifth order. Soil creep delivers 
sediment to lower slopes by slow and episodic movement of individual soil 
particles downslope and then streambank erosion delivers the sediment to the 
channel. Soil particles move down slope by freeze-thaw, tree throw, 
bioturbation, dry ravel and plastic deformation (Dietrich and Dunne, 1978; Reid,
1981: Roberts and Church, 1986). The volume of sediment delivered to a 
streambank by soil creep can be computed if the soil depth and creep rates are 
known (Dietrich and Dunne, 1978). Soil creep and streambank erosion are 
considered to deliver 100 percent of eroded sediment to the stream channels.
In order to inventory streambank erosion by stream order, the stream channel 
network was digitized using the 1989 aerial photograph set (Table 1). First order 
stream channels were defined by contour-crenulation using USGS 7.5 minute 
topographic quadrangles (Strahler, 1957; Goudie, 1981). The first order 
channels defined by contour-crenulation were confirmed in the field. Stream 
channel orders were assigned interactively in the Arcedit subroutine of 
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Figure 14. Histogram showing the relative proportions of landslide volume 
and number of landslides by major geologic unit. The values are expressed as a 
percentage of the total landslide volume and number of landslide events for the 
52 year study period. The rockslides derived from the Welker Peak nappe are 
not included in the percentages presented above.
taken from the ARC/INFO data base after stream orders had been assigned 
(Figure 15).
Soil Creep
For first through third order stream channels only (Figure 2), sediment 
production by streambank erosion is computed using characteristic rates of soil 
creep and channel geometries. First through third order streams account for 
87 percent of the more than 200 km of stream channels in the South Fork 
drainage (Figure 15). Contributions from soil creep were not computed for fourth 
and fifth order channels because streamside landsliding and streambank erosion 
can be directly measured in the field and on aerial photographs along these 
channels.
Soil creep sediment production rates are computed by multiplying the doubled 
stream length (because each stream channel bank contributes sediment) by the 
soil depth and the creep rate. A soil depth of 0.6 m was used to calculate soil 
creep volume. Soil depth, which can very considerably, was obtained by 
averaging the soil depths for the Soil Conservation Service (Goldin, 1992) soil 
series identified in the South Fork drainage. The average failure depth for 
shallow-rapid landslides implies that the average depth of soils in the South Fork 
drainage are near 1 m. The use of a shallower soil depth to calculate a soil 
creep volume is justified because this is depth of exposed soil column along 
stream channels. The actual soil depth maybe greater, but this material is not 
delivered to stream channels by soil creep. I used a creep rate of 2 mm yr-i 
based on soil creep rates published by Swanston (1981) for drainage basins with 
soil and slope conditions similar to the South Fork drainage. Before computing 
the bank erosion volumes, lengths of channel that had been eroded by
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60 Mainstem Bell Creek Wanlick Creek
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Stream Order
Figure 15. Stream channel length subdivided by order and 
subbasin. Stream channel length, rounded to the nearest kilometer, 
is shown at the top of each column.
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landslides were subtracted from the total length to avoid double counting. The 
volume of sediment delivered to first through third order stream channels by soil 
creep are reported in Table 5.
Episodic Streambank Erosion
In fourth and fifth order stream channels, streambank erosion occurs by bank 
undercutting during high discharge events and by lateral corrasion of the stream 
channels. For these channels, I measured streambank erosion due to bank 
undercutting and lateral corrasion through field and aerial photograph surveys. 
Aerial photographs taken in 1940 show a dense riparian canopy along fourth and 
fifth order stream channels (Figure 16). The riparian canopy opened as the 
watershed was logged. Nearly all of the riparian logging during the study period 
was completed by the early 1960’s and the area of open canopy near fourth and 
fifth order streams increased from 60 ha in 1940 to almost 120 ha in 1991 
(Figure 16). The removal of riparian vegetation along the high order stream 
channels appears to correlate with initiation of visible streambank erosion.
Sediment production due to streambank erosion was measured at six stream 
channel reaches along fourth and fifth order stream channels (Figure 17). The 
stream channel reaches surveyed include one reach on a major stream draining 
Twin Sisters Mountain. Erosion volumes were computed by multiplying stream 
length of the eroding streambank by slope length and the depth of streambank 
erosion (Table 6). Length measurements were made with a tape measure or 
optical range finder. Depth of erosion was determined by measuring the extent 
of exposed root overhang at the top of the eroding bank (Megahan et al., 1983). 
A depth of one meter was assumed in channel reaches lacking exposed roots.
Approximately 35 percent of the total length of the fourth and fifth order stream
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TABLE 5. SEDIMENT DELIVERY TO FIRST THROUGH THIRD ORDER STREAM
CHANNELS BY SOIL CREEP.






























Mainstem 8 70,500 141,000 0.6 0.002 169 1,354
Bell Creek 8 68,890 137,780 0.6 0.002 165 1,323
Wanlick Creek 8 32,470 64,940 0.6 0.002 78 623
Total 171,860 343,720 412 3,300
1948- 1963
Mainstem 16 68,640 137,280 0.6 0.002 165 2,636
Bell Creek 16 68,670 137,340 0.6 0.002 165 2,637
Wanlick Creek 16 31,430 62,860 0.6 0.002 75 1,207
Total 168,740 337,480 405 6,480
1964- 1975
Mainstem 12 68,810 137,620 0.6 0.002 165 1,982
Bell Creek 12 69,460 138,920 0.6 0.002 167 2,000
Wanlick Creek 12 31,780 63,560 0.6 0.002 76 915
Total 170,050 340,100 408 4,897
1975-1985
Mainstem 10 66,350 132,700 0.6 0.002 159 1,592
Bell Creek 10 68,080 136,160 0.6 0.002 163 1,634
Wanlick Creek 10 31,380 62,760 0.6 0.002 75 753
Total 165,810 331,620 398 3,979
1985-1991
Mainstem 6 65,910 131,820 0.6 0.002 158 949
Bell Creek 6 68,000 136,000 0.6 0.002 163 979
Wanlick Creek 6 31,350 62,700 0.6 0.002 75 451
Total 165,260 330,520 397 2,380
Total for Basin (5)
21,000
(1) Number of years calculated from the median year of an aerial photograph interval.
(2) The channel length impacted by landsliding was subtracted to avoid double counting.
(3) Goldin (1991).
(4) Swanston (1981).
(5) Significant figures were carried through all calculations with the final total rounded to
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channels was sampled for streambank erosion (Table 7). The erosion volumes 
per unit stream length for the sample set were then applied to the remaining 
channel length.
The rate of bank retreat cannot be established without knowing when bank 
retreat began. Though it was not possible to pinpoint a starting date for 
streambank erosion using aerial photographs, it was possible to approximate it. 
Before timber harvest, there was not a significant amount of visible streambank 
erosion. The thick vegetation along the stream channels implies that 
streambank erosion was not sufficient to remove the vegetation. Timber along 
fourth and fifth order channels in the Mainstem subbasin was harvested roughly 
45 years ago, whereas logging along the fourth and fifth order stream channels 
in the Bell Creek and Wanlick Creek subbasins was completed roughly 25 years 
ago. After examining streambank erosion depths and the aerial photograph 
record, I conclude that the streambank retreat I measured began about 25 years 
ago. Sediment production from streambank erosion is enumerated in Table 7 
using this time period (1967 - 1991) for rate calculations.
Uncertainty in Soil Creep and Streambank Erosion Measurement
Estimation of sediment production and delivery by soil creep is only as accurate 
as the assumptions used to make the estimate. Two assumptions were made to 
calculate soil creep (1) the soil creep rate and (2) the depth of soil. I chose an 
average soil creep rate of 2 mm yr'"* for the South Fork drainage because this 
rate is widely accepted as representative (Timber Fish Wildlife, 1993). Soil 
creep rates published for the Pacific Northwest vary from less than 2 mm yr'"* to 
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Wildlife, 1993). Observations of the streambanks along first through third order 
stream channels did not reveal evidence of soil creep rates higher than the 
assumed regional average. Field observations of the soil depth along first 
through third order stream channels reveal that a soil depth of 0.6 m is a 
reasonable average for the South Fork drainage. The remaining component of 
the soil creep calculation to be evaluated is stream length. The aerial 
photograph measurement technique used to calculate stream channel length is 
precise. Field observations of soil creep and soil depth reveal that the 
assumptions used are accurate and the measurement of stream channel length 
is precise, therefore, the soil creep calculations have a low uncertainty.
Accuracy of streambank erosion rate is compromised by not knowing the date of 
initiation of streambank retreat. The only method available to date initiation of 
streambank erosion is to determine when the streambanks became devoid of 
vegetation. The streambanks of the fourth and fifth order channels were clearly 
vegetated prior to the 1960's but not afterward. This implies that the assumption 
that streambank erosion has been an active process for the past 25 year is 
reasonable and therefore accurate.
The uncertainty of streambank erosion calculation can be assessed by 
evaluating the field measurements and assumptions. Measurement of the 
streambank slope length and the stream channel length is essentially precise. 
Erosion depth was determined by measuring the length of overhanging roots. 
This depth could be inaccurate if overhanging roots have been severed or if 
some of the vegetation had toppled into the stream channel during the past 25 
years. The latter problem was partially overcome by assuming the streambanks 
with no overhanging roots had been eroded to a depth of one meter. This 
assumption is valid, because the average root overhang is near one meter. I
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assume that because the values measured for streambank slope length and 
erosion depth are evenly distributed around the actual values and since my 
sample is large, nearly 35 percent of the fourth and fifth order stream channel 
length, the uncertainty of the streambank erosion calculation is low.
SHEETWASH AND RILL EROSION
Sheetwash and rill erosion also contribute sediment from slopes in the South 
Fork drainage to the stream channels. Sheetwash and rill erosion is a dynamic 
process in which soil particle detachment and transport result from raindrop 
impact and the shear imparted by water flowing over the hillslope 
(Megahan, 1974; Renard et al., 1991). Sheetwash erosion factors can be 
summarized in the equation
E = MC, S,T, SS, M), (1)
where erosion (E) is a function of climate (C), soil properties (S), topography (T), 
soil surface condition (SS) and human management of the soil (M) (Renard and 
Foster, 1983). Equation 1 states that soil loss rates are a function of natural 
factors (C, S, T, SS) that can be influenced by land-use practices (M).
The best method to assess soil loss would be direct measurement of the sheet 
wash and rill erosion. However, direct measurement of soil loss rate is beyond 
the scope of this study. To obtain the best possible estimate of soil loss from 
forest lands, I used the most representative parameter and methodologies of the 
Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965) and Revised 
Universal Soil Loss Equation (RUSLE) (Renard et al., 1991). The USLE/RUSLE 
are empirical relations developed to calculate soil loss due to sheetwash and rill 
erosion using easy to acquire physical parameters. The multivariate empirical
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equations of the USLE/RUSLE (hereafter referred to as RUSLE) are based on 
data from large numbers of experimental plots and decades of observation. The 
RUSLE approach has proven useful for calculating soil loss from agricultural 
lands, construction sites, mine sites and forest lands (Renard et al, 1991). The 
RUSLE, and the methods necessary to apply it, are detailed in Appendix B.
Sheetwash and Rill Erosion Calculation
To calculate sediment production due to sheetwash and rilling using the RUSLE, 
the vegetation of the South Fork drainage was divided into five major and two 
minor classes (Table 2). The five major classes include closed-forest canopy, 15 
year old clearcuts, five year old clearcuts, alpine vegetation and unvegetated.
The Scheel and Forest Service quarries constitute the two minor classes 
(Figure 2). Data on vegetation type and area were obtained from Landsat 
Multispectral Scanner data processed by a GIS (Interagency Grizzly Bear 
Habitat Study Project, 1988). Quarry boundaries and ages of clearcuts were 
obtained from the aerial photographs (Table 8). The planform road prism area 
was subtracted from the appropriate vegetation class during each time interval to 
avoid double counting road erosion.
Fourteen RUSLE plots, selected to represent each vegetation class, were 
mapped in the field (Figure 17). Four sites were later discarded because the 
data from them were insufficient for use in the RUSLE calculations. RUSLE 
sites were chosen to represent each vegetation class. Final soil loss 
calculations for each vegetation class (Table 8) are the averages of the soil loss 
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L
The empirical RUSLE method calculates soil loss in the units tons ac*"' yr'"*. 
These were converted to metric units of volume (m3 m'2 yH) assuming a soil 
density of 1800 kg m'3. A soil density of 1800 kg m'3 was chosen because the 
RUSLE computes soil loss for the upper 10 cm of the soil column, a layer rich in 
organic matter and aerated by biotic activity. The soil density of 1800 kg m‘3 
was also adopted because it yields a conservative soil loss volume estimate.
The converted soil loss values were multiplied by the appropriate areas to yield 
the soil loss per year (m^ yr1). Soil loss per time interval was calculated by 
summation of soil loss per year over time intervals defined by the median year 
between aerial photograph intervals (Table 1). The median year between aerial 
photograph intervals was used to average the effect of clearcuts and road 
construction on the soil loss calculations.
Soil loss calculations for each vegetation class and for each aerial photograph 
time interval are enumerated in Tables 9 through 13. A summary of the soil loss 
due to sheet and rill erosion can be found in Table 14.
Gully Formation
No sediment production due to gully formation was documented at the RUSLE 
erosion plots. However, aerial photographs showing recently exposed soil 
indicate that, in places, gully formation was a significant means by which 
sediment was delivered to stream channels in the years immediately following 
timber harvest. Total sediment production during the study period is thus a 
conservative value because the sediment production estimate does not include 
contributions from gullies. On the other hand, my observations indicate that, 
unlike landsliding, road-related erosion and sheetwash, gully formation is not a 
persistent erosion process. Rather, gullies are a significant but short term
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TABLE 9. CALCULATION OF SOIL LOSS DUE TO OVERLAND FLOW FOR 1940 -1947 (1) (2).


























CC - 5 years 671,240 8.75E-06 5.9 8 47 0.15 7
CC -15 years 0 1.94E-06 0.0 8 0 0.22 0
Closed Canopy (3) 42,918,020 8.40E-08 3.6 8 29 0.01 0
Scheel Quarry 69,850 9.84E-06 0.7 8 6 0.99 5
F.S. Quarry 137,800 2.99E-05 4.1 8 33 0.99 33
Alpine 3,933,530 3.01 E-05 118.3 8 946 0.25 237
Unvegetated 2,811,070 3.86E-05 108.4 8 868 0.01 9
Subtotal 1,928 Subtotal 291
Bell Creek
Forest
CC - 5 years 0 8.75E-06 0.0 8 0 0.15 0
CC -15 years 0 1.94E-06 0.0 8 0 0.22 0
Closed Canopy 34,733,120 8.40E-08 2.9 8 23 0.01 0
Alpine 8,027,260 3.01 E-05 241.4 8 1,931 0.25 483
Unvegetated 9,613,260 3.86E-05 370.8 8 2,967 0.01 30
Subtotal 4,921 Subtotal 513
Wanlick Creek
Forest
CC - 5 years 0 8.75E-06 0.0 8 0 0.15 0
CC -15 years 0 1.94E-06 0.0 8 0 0.22 0
Closed Canopy 19,099,960 8.40E-08 1.6 8 13 0.01 0
Alpine 6,398,580 3.01 E-05 192.4 8 1,539 0.25 385
Unvegetated 295,560 3.86E-05 11.4 8 91 0.01 1
Subtotal (4) 1,643 Subtotal (4) 386
(1) Data used in the final soil loss calculations are drawn from Table 8.
(2) Soil loss is calculated tor the period between median years of the time intervals.
(3) The closed canopy RUSLE value in column B is from Wischmeier and Smith (1978).
(4) Significant figures were carried through all calculations with the final total rounded to the nearest
1000 cubic meters when totaled See Table 14.
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TABLE 10. CALCULATION OF SOIL LOSS DUE TO OVERLAND FLOW FOR 1948 - 1963 (1) (2).


























CC - 5 years 9,721,410 8.75E-06 85.1 16 1,362 0.15 204
CC - 15 years 671,240 1.94E-06 1.3 16 21 0.22 5
Closed Canopy (3) 32,460,140 8.40E-08 2.7 16 44 0.01 0
Scheel Quarry 69,850 9.84E-06 0.7 16 11 0.99 11
F.S. Quarry 136,800 2.99E-05 4.1 16 65 0.99 65
Alpine 3,932,530 3.01 E-05 118.3 16 1,892 0.25 473
Unvegetated 2,811,070 3.86E-05 108.4 16 1,735 0.01 17
Subtotal 5,130 Subtotal 775
Bell Creek
Forest
CC - 5 years 0 8.75E-06 0.0 16 0 0.15 0
CC - 15 years 0 1.94E-06 0.0 16 0 0.22 0
Closed Canopy 34,733,120 8.40E-08 2.9 16 47 0.01 0
Alpine 8,027,260 3.01 E-05 241.4 16 3,862 0.25 966
Unvegetated 9,613,260 3.86E-05 370.8 16 5,933 0.01 59
Subtotal 9,842 Subtotal 1,025
Wanlick Creek
Forest
CC - 5 years 0 8.75E-06 0.0 16 0 0.15 0
CC - 15 years 0 1.94E-06 0.0 16 0 0.22 0
Closed Canopy 19,099,960 8.40E-08 1.6 16 26 0.01 0
Alpine 6,398,580 3.01 E-05 192.4 16 3,079 0.25 770
Unvegetated 295,560 3.86E-05 11.4 16 182 0.01 2
Subtotal (4) 3,287 Subtotal (4) 772
(1) Data used in the final soil loss calculations are drawn from Table 8.
(2) Soil loss Is calculated for the period between median years of the time intervals.
(3) The closed canopy RUSLE value in column B is from Wischmeier and Smith (1978).
(4) Significant figures were carried through all calculations with the final total rounded the nearest
1000 cubic meters. See Table 14.
TABLE 11. CALCULATION OF SOIL LOSS DUE TO OVERLAND FLOW FOR 1964 - 1975 (1) (2).
A B C D E F G
Number of Volume
RUSLE Rate years per total for Delivery Volume total
Erosion Class Area (1) Volume calculation interval factor delivered




CC-5 years 434,810 8.75E-06 3.8 12 46 0.15 7
CC -15 years 9,721,410 1.94E-06 18.9 12 227 0.22 50
Closed Canopy (3) 32,497,540 8.40E-08 2.7 12 33 0.01 0
Scheel Quarry 69,850 9.84E-06 0.7 12 8 0.99 8
F. S. Quarry 136,800 2.99 E-05 4.1 12 49 0.99 49
Alpine 3,932,530 3.01 E-05 118.3 12 1,419 0.25 355
Unvegetated 2,811,070 3.86E-05 108.4 12 1,301 0.01 13
Subtotal 3,083 Subtotal 482
Bell Qree.k
Forest
CC - 5 years 513,550 8.75E-06 4.5 12 54 0.15 8
CC - 15 years 0 1.94E-06 0.0 12 0 0.22 0
Closed Canopy 34,015,730 8.40E-08 2.9 12 34 0.01 0
Alpine 8,027,260 3.01 E-05 241.4 12 2,897 0.25 724
Unvegetated 9,613,260 3.86E-05 370.8 12 4,450 0.01 45
Subtotal 7,435 Subtotal 777
Wanlick Creek
Forest
CC - 5 years 1,541,660 8.75E-06 13.5 12 162 0.15 24
CC -15 years 0 1.94E-06 0.0 12 0 0.22 0
Closed Canopy 17,153,010 8.40E-08 1.4 12 17 0.01 0
Alpine 6,398,580 3.01 E-05 192.4 12 2,309 0.25 577
295,560 3.86E-05 11.4 12 137 0.01 1
Subtotal (4) 2,625 Subtotal (4) 603
(1) Data used In the final soil loss calculations are drawn from Table 8.
(2) Soil loss is calculated for the period between median years of the time intervals.
(3) The closed canopy RUSLE value in column B is from Wischmeier and Smith (1978).
(4) Significant figures were carried through all calculations with the final total rounded the nearest
1000 cubic meters. See Table 14.
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TABLE 12. CALCULATION OF SOIL LOSS DUE TO OVERLAND FLOW FOR 1976 - 1985 (1) (2).
A B C D E F G
Number of Volume
RUSLE Rate years per total for Delivery Volume total
Erosion Class Area (1) Volume calculation Interval factor delivered




CC - 5 years 1,150,670 8.75E-06 10.1 10 101 0.15 15
Closed Canopy (3) 434,810 1.94E-06 0.8 10 8 0.22 2
Closed Canopy 40,560,430 8.40E-08 3.4 10 34 0.01 0
Scheel Quarry 69,850 9.84E-06 0.7 10 7 0.99 7
F.S. Quarry 136,800 2.99E-05 4.1 10 41 0.99 41
Alpine 3,932,530 3.01 E-05 118.3 10 1,183 0.25 296
Unvegetated 2,811,070 3.86E-05 108.4 10 1,084 0.01 11
Subtotal 2,458 Subtotal 371
Bell CreeK
Forest
CC - 5 years 2,554,700 8.75E-06 22.4 10 224 0.15 34
CC - 15 years 513,550 1.94E-06 1.0 10 10 0.22 2
Closed Canopy 31,534,480 8.40E-08 2.6 10 26 0.01 0
Alpine 8,027,260 3.01 E-05 241.4 10 2,414 0.25 603
Unvegetated 9,613,260 3.86E-05 370.8 10 3,708 0.01 37
Subtotal 6,382 Subtotal 677
Wanlick Creek
Forest
Closed Canopy 11,426,650 8.75E-06 100.0 10 1,000 0.15 150
CC -15 years 1,541,660 1.94E-06 3.0 10 30 0.22 7
Closed Canopy 6,049,930 8.40E-08 0.5 10 5 0.01 0
Alpine 6,398,580 3.01 E-05 192.4 10 1,924 0.25 481
Unvegetated 295,560 3.86E-05 11.4 10 114 0.01 1
Subtotal (4) 3,073 Subtotal (4) 639
(1) Data used in the final soil loss calculations are drawn from Table 8.
(2) Soil loss is calculated for the period between median years of the time intervals.
(3) The closed canopy RUSLE value in column B is from Wischmeier and Smith (1978).
(4) Significant figures were carried through all calculations with the final total rounded the nearest
1000 cubic meters. See Table 14.
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TABLE 13. CALCULATION OF SOIL LOSS DUE TO OVERLAND FLOW FOR 1986 - 1991 (1) (2).

























CC - 5 years 10674504 8.75E-06 93.4 6 561 0.15 84
CC -15 years 1,150,670 1.94E-06 2.2 6 13 0.22 3
Closed Canopy (3 30,758,783 8.40E-08 2.6 6 16 0.01 0
Scheel Quarry 69,848 9.84E-06 0.7 6 4 0.99 4
F.S. Quarry 136,803 2.99E-05 4.1 6 25 0.99 24
Alpine 3,932,533 3.01 E-05 118.3 6 710 0.25 177
Unvegetated 2,811,065 3.86E-05 108.4 6 651 0.01 7
Subtotal 1,978 Subtotal 299
Bell Creek
Forest
CC - 5 years 8,096,079 8.75E-06 70.9 6 425 0.15 64
CC -15 years 2,554,701 1.94E-06 5.0 6 30 0.22 7
Closed Canopy 23,833,670 8.40E-08 2.0 6 12 0.01 0
Alpine 8,027,255 3.01 E-05 241.4 6 1,448 0.25 362
Unvegetated 9,613,255 3.86E-05 370.8 6 2,225 0.01 22
Subtotal 4,140 Subtotal 455
Wanlick Creek
Forest
CC - 5 years 1,598,275 8.75E-06 14.0 6 84 0.15 13
CC -15 years 11,426,646 1.94E-06 22.2 6 133 0.22 29
Closed Canopy 5,787,347 8.40E-08 0.5 6 3 0.01 0
Alpine 6,398,583 3.01 E-05 192.4 6 1,154 0.25 289
Unvegetated 295,560 3.86E-05 11.4 6 68 0.01 1
Subtotal (4) 1,443 Subtotal (4) 331
(1) Data used in the final soil loss calculations are drawn from Table 8.
(2) Soil loss is calculated for the period between median years of the time intervals.
(3) The closed canopy RUSLE value in column B is from Wischmeier and Smith (1978).
(4) Significant figures were carried through all calculations with the final total rounded the nearest
1000 cubic meters. See Table 14.
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1940-1947 1,930 0.15 291
1948-1963 5,130 0.15 775
1964-1975 3,040 0.15 482
1976-1985 2,460 0.15 371
1986-1991 1,980 0.15 299
Subtotal 14,540 2,218
p§ii CreeK
1940-1947 4,920 0.10 513
1948-1963 9,840 0.10 1,025
1964-1975 7,440 0.10 777
1976-1985 6,380 0.10 677
1986-1991 4,140 0.10 455
Subtotal 32,720 3,447
Wanlick Creek
1940-1947 1,640 0.24 386
1948-1963 3,290 0.23 772
1964-1975 2,630 0.23 603
1976-1985 3,070 0.23 639
1986-1991 1,440 0.23 331
Subtotal 12,070 2,731





(1) This table summarized the data in Tables 9 through 13.
(2) Significant figures were carried through all calculations with the final
total rounded to the nearest 1000 cubic meters.
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sediment producer on specific logged tracks in approximately the first five years 
after timber harvest. Gully formation is not significant in the areas that are 
naturally unforested.
Uncertainty in Sheet and Rill Erosion Measurement
Estimation of soil loss by sheet and rill erosion is only as accurate as the 
assumptions and coefficients used by LISLE and RUSLE methodologies to 
approximate the conditions at the measurement site. Because the RUSLE is an 
empirical methodology with many coefficients and factors it is relatively precise 
but may be highly inaccurate if the measurement site differs greatly from the test 
plots. There is no way to independently determine the accuracy of each 
coefficient and factor in the context of this study. However, it is possible to 
qualitatively evaluate the relative precision of the field and aerial photograph 
measurements.
There are three sources of uncertainty related to the field and aerial photograph 
measurements: (1) classification of the vegetation types (2) soil density used to 
convert the RUSLE values from a mass per area to a volume and (3) delivery 
factor. The uncertainty associated with recognition of the vegetation classes is 
small in comparison to the uncertainty imparted on the soil loss calculation by 
the assumptions built into the RUSLE method. Since soil densities can range 
from 1000 kg m'3 to more than 2500 kg m‘3 the estimated soil density chosen 
can have a significant influence on the final erosion volume. I used a soil density 
of 1800 kg m’3 because this is a representative bulk density for forest soils. 
Without direct observation of surface erosion during a rainstorm it is difficult to 
assign a delivery factor with confidence. However, it is possible to assign a 
delivery factor with a moderate degree of accuracy by examining the
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microtopograph of the RUSLE erosion plot. Given the relatively high precision 
but potentially low accuracy of the RUSLE method and the moderate to high 
precision of the field and aerial photograph measurements, the uncertainty 
associated with the soil loss calculation is moderate.
ROAD-RELATED SEDIMENT PRODUCTION
Road-related erosion consists of two components: sheetwash and rilling from the 
road surface (less than 2 mm particle diameter) (Wald, 1975) and road-induced 
landslides (sediment of all particle sizes) (Swanston, 1971). I address the first 
component in this section; the volume of road-related landsliding was discussed 
in the landslide section.
The impact of road-related erosion on stream channels was first recognized by 
Gilbert (1917) during his study on hydraulic mining in California's Sierra Nevada. 
Megahan and Kidd (1972), Reid (1981) and Reid and Dunne (1984) quantified 
the impact on sediment production of forest road construction and use. Road- 
related erosion is of particular interest in the Pacific Northwest because fine 
sediment delivered to streams adversely affects the reproduction of anadromous 
fish (Anderson, 1954; Tagart, 1976; Cederholm and Salo, 1979).
Forest road sediment is derived from the tread surface and subsurface, ditch, 
fillslope and cutslope. Horton overland flow only occurs on the road tread 
surface (Dietrich and Dunne, 1978; Reid, 1981). Truck traffic dislodges fine 
grained sediment from road surfaces, making it available for transport by 
overland flow. Trucks, and to a lesser extent all vehicles, create fine grained 
material by grinding and sieving the tread surface. Trucks traveling over wet 
roads pump fines from below the road ballast up to the road surface (Reid,
1981). Fillslope and cutslope sediment can be mobilized by rainsplash,
74
sheetwash, dry ravel, freeze-thaw, wind erosion and spring sapping. Material 
from the fillslope and cutslope is moved to the ditch, the forest floor or directly to 
a stream channel. Material deposited in the ditch is routed to stream channels 
by storm flow. Sediment deposited in the ditch is also made available for 
transport when it is spread on the road tread during routine maintenance (Reid, 
1981). The ditch armors rapidly after road construction, making it an 
insignificant sediment source (Reid, 1981).
Forest roads contribute to landsliding by increasing slope instability through 
deforestation, by derangement of the surface drainage pattern (Dryness, 1967; 
Yee and Harr, 1977), by intercepting subsurface water flow (Megahan, 1972) 
and by redistribution of mass by fillslope and cutslope construction (Swanson 
and Dryness, 1975).
Aerial photograph history of clearcuts for the Mainstem subbasin and USDA 
Forest Service information on clearcut history for Bell Creek and Wanlick Creek 
subbasins (Hale, 1992) were used to compile road use history. Roads were 
broken into groups by road construction type, mainline, secondary and logging 
unit spur roads. Once typed by road construction the roads were classified 
based on use levels as active mainline, active secondary, light traffic, and no 
traffic (abandoned) (Table 15). The year of road construction is defined as the 
median year between aerial photograph years or, if known, the year before the 
harvest serviced by that road. Completely revegetated road segments were 
dropped from road-related erosion calculations at time of revegetation.
Snow reduces road erosion by insulating roads from rainsplash, Horton overland
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TABLE 15. PRECIPITATION FACTORS AS A FUNCTION OF ROAD USE CATEGORIES (1).
Annual Precipitation
Traffic Level - 
Road Type











Abandoned 0.02 0.05 0.10
(1) Modified from Timber, Fish, Wildlife (1993).
(2) Heavy Traffic - Active Mainline: Mainline logging haul road. Heavy truck traffic more than
50% of the year.
Moderate Traffic - Active Secondary: Active spur roads. Heavy truck traffic less than 50% of
the year.
Light Traffic - Non-active: Road used mostly by light vehicles or infrequently for log hauling.
No Traffic - Non-use: Road closed to all traffic. Road typically has pulled culverts and water
bars.
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flow and traffic. I have assumed that sediment production of a snow covered 
road is insignificant. However, sediment produced by roads while covered with 
snow may be released as a sediment pulse during spring snow melt. The 
sediment yield from a road that is snow covered for part of the year is reduced 
by a snow factor, being the fraction of the year the road is snow covered.
No process-based approach to road-related sediment production has been 
developed, so I have applied road erosion rates measured elsewhere to the 
South Fork drainage. The State of Washington, as part of the Timber Fish 
Wildlife agreement (1986), has established a road surface erosion calculation 
method (hereafter called the Watershed Analysis method) based on published 
erosion rates (Timber Fish Wildlife, 1993). I cannot verify the accuracy of the 
Watershed Analysis method as it applies to the South Fork drainage because I 
did not directly measure the road erosion rate.
The Watershed Analysis method computes road erosion as a function of geology 
(Table 16) (Megahan and Kidd, 1972; Reid and Dunne, 1982; Kochendorfer and 
Helvey, 1984; Sullivan and Duncan, 1980), road surface material depth 
(Table 17) (Kochendorfer and Helvey, 1984; Bilby, 1985), vegetation cover 
density on the fillslopes and cutslopes (Table 18) (Burroughs and King, 1989; 
pers. comm. Megahan, 1993) and traffic levels and precipitation (Table 15) 
(Sullivan and Duncan, 1980; Reid and Dunne, 1984). The volume of sediment 
produced from a road was computed by applying the appropriate road surface 
factor to the base erosion rate. This procedure was repeated, applying the 
appropriate vegetation density factor to the base erosion rate for the cutslopes 
and fillslopes. The erosion rate thus calculated was multiplied by the area of 
each road element (e.g. tread, cutslope, fillslope) to yield an annual erosion rate 
and delivery using the road use history determined from the aerial photographs
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TABLE 16. BASE ROAD EROSION RATES AS A FUNCTION OF 
GEOLOGY AND ROAD AGE (1).______________





Ovg, 01, Kjs, KJbu, but 0.014 0.004
PDcs 0.009 0.004
Pzby, JTrc 0.007 0.004
(1) Modified from Timber, Fish, Wildlife (1993).
(2) See Figure 3 for further explanation of geologic symbols.
TABLE 17. FACTOR APPLIED TO THE BASIC EROSION RATE TO 
ACCOUNT FOR THE TYPE OF ROAD SURFACE MATERIAL (1).
Road surface material Factor
Paved 0.03
Dust-oil 0.15
Gravel >30 cm deep 0.20
Gravel 5 - 30 cm deep 0.50
Native soil/rock 1.00
(1) Modified from Timber, Fish, Wildlife (1993).
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TABLE 18. GROUND COVER DENSITY FACTOR APPLIED TO THE 
BASIC ROAD SURFACE EROSION RATE TO ACCOUNT FOR 








(1) Modified from Timber, Fish, Wildlife (1993).
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and Forest Service data.
In order to use the Watershed Analysis method for road surface erosion, forest 
roads in the South Fork drainage were first surveyed. The dimensions of the 
road prism were measured with a tape, measuring wheel and Brunton compass. 
Geology, vegetation density on the fillslope and cutslope and delivery ratio were 
also recorded. A road was considered to deliver 100 percent of the sediment 
produced if the road drainage was linked directly to a stream channel. A 
vegetation buffer separating a road from a stream channel by less than 60 m will 
trap 90 percent of the sediment produced by the road before it reaches the 
stream channel. A vegetation buffer greater than 60 m wide will trap all 
sediment delivered before it can be delivered to a stream channel (pers. comm., 
Megahan, 1993; Timber Fish Wildlife, 1993). Sediment delivery from fillslopes 
was assessed separately because fillslopes typically drain directly onto the slope 
below the road and not directly into a stream channel or culvert, whereas the 
tread and cutslope drain into a ditch, which in turn is connected to a stream 
channel through a culvert. Fillslopes were assigned a delivery factor of zero 
except near stream crossings or where a road closely paralleled a stream 
channel.
Dimensional and erosional characteristics, including the delivery factors, of 
surveyed roads were applied to the unsurveyed roads with similar visual 
characteristics, use histories, geologic substrate and snow closures. Lengths for 
roads not field checked were obtained from the aerial photographs. Road 
surface erosion volume calculations are enumerated in Appendix C (Table C-1) 
and Table 19 summarizes the calculation of sediment eroded from forest roads.
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300 4,079 0.63 2,563
300 spurs 4,117 0.40 1,647
310 1,703 0.03 51
310 spurs 6,005 0.30 1,802
325 2,217 0.19 421
330 6,273 0.42 2,603
330 spurs 9,821 0.41 4,027
340 3,152 0.10 315
340 spurs 2,003 0.10 200
350 + spurs 2,526 0.10 253
356/357 959 0.10 96
360 855 0.41 351
370 1,650 0.10 165
370 spurs 1,036 0.10 104
380 554 0.15 83
380 spurs 248 0.10 25
390 833 0.88 733
Subtotal 48,031 15,438
Bell Creek
12 4,772 0.28 1,356
12 spurs 4,320 1.00 4,320
1260/1270 2,333 0.29 667
Subtotal 11,425 6,343
Wanligk Qr^^k
357 589 0.10 59
12 3,107 0.90 2,810
12 spurs 2,640 1.00 2,640
1230/1231 1,894 0.58 1,101
1240 584 0.59 345
Subtotal 8,814 6,955
Total (2) 68,000 29,000
Average delivery factor 0.43
(1) Data in this table are drawn from Table C-1.
(2) Significant figures were carried through all calculations
with the final total rounded to the nearest 1000 cubic metes.
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Uncertainty in Road Erosion Measurement
Estimation of road-related surface erosion is a function of how well the basic 
erosion rates used by the Watershed Analysis method approximate the road 
conditions in the South Fork drainage. Determination of how accurately the 
basic erosion rates and correction factors used by the Watershed Analysis 
method approximate the conditions in the South Fork drainage is beyond the 
scope of this study.
Evaluation of the precision in using the Watershed Analysis method is centered 
on how well the surveyed road dimensions and delivery factors represent the 
unsurveyed roads. The length of road surveyed constitutes a relatively large 
sample of the total road length. Therefore, I conclude that my sample is 
representative of the entire range of road dimensions and delivery factors. 
Although my road surveys locations were not randomly chosen, I was able to 
survey a portion of every major road system in the study area (Table C-1). Road 
dimensions and delivery factors were extended to the unsurveyed balance of a 
road length for a partially surveyed road. Road dimensions and delivery factors 
were extended to completely unsurveyed roads only if they crossed similar 
geologic materials, hillslopes with a similar gradient and if the visual 
characteristics of road construction were similar. The care taken to apply the 
field measurement to roads with similar characteristics and the relatively large 
sample of road types should produce high precision in the calculation of road- 
related erosion volumes using the Watershed Analysis method. Although the 
precision of the measurements is high, the uncertainty related to the application 




More than 940,000 m3 of sediment were produced from all sources (landsliding, 
road-related erosion, hillslope erosion and streambank erosion) during the 52 
year study period. Seventy eight percent of the material mobilized, or 
731,000 m3, was delivered to the stream channel network during the study 
period. The average sediment production rate for the South Fork drainage is 
estimated to be 110 m3 km'2 yr'i or 200 metric tons km‘2 yri. The relative 
contribution of each sediment production and delivery process is documented in 
Table 20. The relative contribution of each sediment production source is 
documented in Table 21.
DISCUSSION
Sediment produced and delivered to stream channels in the South Fork drainage 
was studied to gain an understanding of how natural processes and 
management activities interact. I used a partial sediment budget as a tool to 
identify and to quantify the input components, both natural and management- 
related, active during the 52 year study period. I do not attempt to assess the 
results I detail here in terms of problems related to natural and management- 
related sediment production, but intend to build a framework in which the 
appropriate land management decisions can be made.
Coupling of field-measured erosion rates to area measurements made from 
aerial photographs taken in 1940, 1956, 1972, 1979 and 1991 allows calculation 
of temporal variations in sediment production and delivery to stream channels. 
The use of a GIS allowed easy integration of large amounts of field, digital aerial 
photograph, satellite, topographic and geologic data. Once in the GIS data
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TABLE 20. SEDIMENT PRODUCTION SUMMARY BY MAJOR EROSIONAL 























Mid-slope landslides A 146,000 0.16 117,000 0.16
Road-related landslides B 184,000 0.20 153,000 0.21
Stream-related landslides C 317,000 0.34 258,000 0.35
Subtotal (A+B+C) 647,000 0.69 528,000 0.72
Sheetwash and rill sediment production
Road-surface erosion D 68,000 0.07 29,000 0.04
Sheet and rill erosion E 59,000 0.06 8,000 0.01
Subtotal (D+E) 127,000 0.14 37,000 0.05
Stream related sediment production
Episodic streambank erosion (2) F 146,000 0.16 146,000 0.20
Soil creep G 20,000 0.02 20,000 0.03
Subtotal (F+G) 166,000 0.18 166,000 0.23
Total (A+B-hC+D+E+F+G) 940,000 1.00 731,000 1.00
(1) Sediment production and delivery values have been rounded to the nearest
1000 cubic meters.
(2) Episodic stream bank erosion is computed for 1967 to 1991.
























Mid-slope landslides A 146,000 0.16 117,000 0.16
Road-related erosion
Road-surface erosion B 68,000 0.07 29,000 0.04
Road-related landslides C 184,000 0.20 153,000 0.21
Subtotal (B-(-C) 252,000 0.27 182,000 0.25
Stream Related Erosion
Episodic streambank erosion (2) D 146,000 0.16 146,000 0.20
Stream-related landslides E 317.000 0.34 258,000 0.35
Soil creep F 20,000 0.02 20,000 0.03
Subtotal (D-hE+F) 483,000 0.51 424,000 0.58
Hillslope Erosion
Sheet and rill erosion G 59,000 0.06 8,000 0.01
Total (A-t-B-hCH-Dn-E-hF-t-G) 940,000 1.00 731,000 1.00
(1) Sediment production and delivery values have been rounded to the nearest
1000 cubic meters.
(2) Episodic stream bank erosion is computed for 1967 to 1991.
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base, the data can be spatially sampled in a dynamic way not practical by other 
methods.
LANDSLIDING
Landsliding moved the most sediment from the hillslopes to the stream channels 
in the South Fork drainage (Tables 20 and 21). Landslides supply sediment to 
stream channels on different time scales. Shallow-rapid landslides move 
material quickly, making it easy to measure their sediment production and 
delivery on the time frame of this study. In contrast, deep-seated landslides 
move slowly, and these features did not deliver sediment at a rate detectable in 
the time intervals between aerial photograph flights.
Shallow-rapid landslides, debris avalanches, debris block slides and debris flows 
volumetrically are the most important sediment production and delivery 
mechanisms in the South Fork drainage (Figure 18). The largest volume of 
landslide-derived sediment is produced and delivered by debris block slides 
(Figure 19). This is significant because the debris block slides account for less 
than 10 percent of the failure events. In contrast, debris avalanches comprise 
nearly 90 percent of the failure events but accounted for only 25 percent of the 
landslide-derived sediment volume. Debris flows are not a significant sediment 
production or delivery mechanism in the South Fork drainage. The 332 shallow- 
rapid failures that occurred between 1940 and 1991 delivered 530,000 m3 or 
80 m3 km-2 yr-i of sediment to stream channels.
The Quaternary valley fill is more prone to failure than the surrounding bedrock 
(Figure 13 and Appendix A). Landsliding in the valley fill can be linked to logging 
and road construction. In 1940, when there were no clearcuts or roads on the 



























^ Sediment production 11 Sediment delivery




^ Sediment Production □ Sediment Delivery
Figure 19. Histogram showing the relative sediment production and delivery 
volumes for each shallow rapid landslide type. The landslide volumes are listed at 
the top of each column.
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In 1991, when the valley fill had been 100 percent clearcut and was well roaded, 
landslides in the valley fill accounted for 45 percent of the landslide volume. The 
shift in sediment production from landslides originating on the more geologically 
stable bedrock to the geologically unstable valley fill after logging is an indication 
that management practices influence the timing and distribution of hillslope 
failures.
Road surface and streambank erosion in areas removed from landslides account 
for nearly 30 percent of the total sediment delivery (Figure 18 and Table 21).
The volume of sediment delivered from roads and streams increased with the 
construction of roads and logging along stream channels. Landslides associated 
with roads and streams account for 20 percent and 35 percent of the sediment 
production, respectively. Landsliding associated with roads increases from 
essentially zero in 1940, when there were less than 8 km of road in the South 
Fork drainage, to 20 percent of the overall sediment production by 1991. At the 
same time the contribution of sediment from streamside landsliding increased 
from 30 percent in 1940 to 40 percent by 1991.
More than 10 percent of the South Fork drainage is underlain by sackung, large 
bedrock slumps, slump-earthflows and rock slides that appear to be active on a 
scale of hundreds, if not thousands of years. Measurement of sediment delivery 
by landsliding in 1940 provides a view of the importance of large, pre 1940 
landslides. Although a sediment production and delivery rate cannot be 
computed from the 1940 volume estimates, it is possible to use these data to 
gain a feel for how much sediment was in motion or in storage in 1940. As an 
example, rock slides were the largest single sediment producer and deliverer 
identified for the period prior to 1940. Forty percent of the estimated 280,000 m3 
of landslide delivered sediment measured in 1940 was derived from rock slides.
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Although large landslides are not a significant sediment contributor during the 
study period, ten to 15 percent of the total landslide sediment production 
originates from sites identified as beginning on large scale landslides. Slump- 
earthflows are the largest contributor of secondary landslides, debris avalanches 
and debris block slides. The secondary landslides that originate from slump- 
earthflows account for one third of the landslide sediment derived from the 
Quaternary valley fill or five percent of the total sediment production and delivery 
for the study period. However, the ruptured surface of the slump-earthflows has 
isolated the mainstem of the South Fork from several of its tributary streams, 
and this lowered the delivery of sediment from the hillslopes and slump- 
earthflows to the main channel (Figure 12).
STREAMBANK EROSION
Streambank erosion accounts for 59 percent of the sediment delivered to the 
stream channels and 60 percent of the streambank sediment production and 
delivery originates as stream side landslides. Episodic streambank erosion 
along fourth and fifth order stream channels, measured for the past 25 years, 
delivers 20 percent of the total sediment reaching stream channels during the 
study period. Streambank erosion from first through third order stream channels 
accounts for only three percent of the total sediment delivered. Based on the 
lack of visible streambank erosion on the early aerial photographs, I infer that 
episodic streambank erosion was not a significant sediment production source 
prior to 1966. Undoubtedly, streambank erosion was on-going prior to 1967 but 
this erosion process was slow enough that riparian vegetation cover could keep 
pace with channel migration on the 1940 and 1956 aerial photographs. By 1963, 
however, much of the riparian vegetation had been logged and the streambanks 
became visible. Streambank erosion is not clearly visible until the 1972 aerial
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photographs when the area of streamside landsliding more than doubles. The 
area of visible streambank erosion doubles again between 1979 and 1991.
SHEETWASH AND RILL EROSION
Sheetwash and rill erosion produced six percent of the sediment volume 
estimated during the study period. However, 87 percent of this sediment was 
redeposited before reaching a stream channel. Little of the sediment set in 
motion by surface erosion processes reached a stream channel because the 
material was redeposited in microtopographic depressions on the undisturbed 
forest floor. A system of dense interconnecting rills and gullies is needed to 
convey particles detached by sheet and rill erosion to a stream channel. Very 
few rills or gullies were observed at the surface erosion survey plots. However, it 
is likely that surface and rill erosion were more significant in the years 
immediately following tractor yarding, a practice that promotes rill and gully 
development through soil compaction. The estimate of sediment production by 
surface erosion is conservative because the surface erosion plots did not include 
areas recently disturbed by tractor logging, a practice important earlier in the 
interval of logging in the basin but not in use by the time field work was carried 
out.
ROAD-RELATED EROSION
Erosion related to forest roads, including surface erosion and road-related 
landsliding, is responsible for 25 percent of the total sediment production and 
delivery to stream channels for the study period. Landsliding is the dominant 
method by which roads produce and deliver sediment. Landslides associated 
with roads account for 21 percent of the overall sediment yield for the South Fork 
drainage and road surface erosion, including cutslope and fillslopes, accounts for
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only four percent of the overall sediment delivery to stream channels. Road- 
related sediment production was near zero in 1940 when there was only 8 km of 
road. By 1991,149 km of road had been constructed. Over the previous 52 
years, roads had produced sediment at an annual average rate of four cubic 
meters per kilometer or eight metric tons per kilometer.
SEDIMENT PRODUCTION AND DELIVERY
A total of 940,000 m3 of sediment was produced with 78 percent of this 
sediment, 731,000 m3, delivered to the stream channel network during the 52 
year study period. The average sediment delivery to stream channels for the 
South Fork drainage computed for the 52 years,1940 through 1991, is 
approximately 200 metric tons km-2 yr-i , assuming a material density of 
1800 kg m3 for the eroded material. The relatively low sediment production rate, 
compared to basins of comparable size and terrain (Table 22), is attributed to 
the relatively stable geologic bedrock as compared to the Franciscan rocks of 
northern California. The relatively low sediment production rate is also attributed 
to the lack of a large single sediment source or sediment producing mechanism, 
such as a massive landslide near a stream channel or a major flood during the 
study period. The lack of a major sediment source or sediment producing 
mechanism could easily change. The South Fork drainage has a history of large 
scale landslide events, bedrock slumps and slump-earthflows, and the Pacific 
Northwest has a history of major storm-driven flood events that choke stream 
systems with sediment (Kelsey, 1980). There is ample sediment available in 
storage on the hillslopes and in the stream channels to increase the sediment
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Van Duzen River 
Northern California 1,111 35 3,160 (1) Kelsey (1980)
Lone Tree Creek 
Northern California 1.7 3 1,440 (1) Lehre (1981)
Stequaleho Basin 
Washington 10 3 280 (1) Reid (1981)
Big Beef Creek 
Washington 38 9 200 (1) Madej (1982)
Armentieres Creek 




Washington 137 48 780 Eide (1990)
Grouse Creek 
Northern California 147 29 3150 (1) Raines (1991)
South Fork Nooksack River 
Washington 130 52 200
(1) Values were converted from metric tons km'2 yr"'' to m^ km'2 yr"' assuming a soil density of
1800 kg m-3.
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delivered to the South Fork Nooksack River; all that is required is a triggering 
event.
SUMMARY OF MEASUREMENT UNCERTAINTY
Uncertainty is evaluated by looking at the accuracy of my observations and 
assumptions and the precision of the data collection techniques. Accuracy 
cannot be evaluated because there is no way for me to independently verify my 
observations or test the assumptions. The precision of the data collection 
techniques is generally high.
The relative uncertainty associated with the landslide and soil-creep volume 
measurements is low. The relative uncertainty associated with the streambank 
erosion, RUSLE, and road erosion volume measurements is moderate. The 
higher uncertainty in the streambank erosion, RUSLE, and road erosion volume 
measurements is related to the assumptions of the methodologies used. 
Although the uncertainties are higher with the streambank erosion, RUSLE and 
road erosion volume measurements than with the landslide and soil-creep 
volume measurements, the overall influence is negligible because landsliding 
dominates sediment production and delivery in the South Fork drainage.
CONCLUSIONS
I undertook this study to identify the sediment production and delivery processes 
and to make this information available to land owners and land managers in 
upper South Fork of the Nooksack River drainage. I identified and quantified all 
major sediment production and delivery sources for the 52 year period from 
1940 through 1991. The following salient points were brought out by this 
investigation:
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The average sediment delivery to stream channels for the South Fork 
drainage is estimated to be 110 m^ km‘2 yr"' or 200 metric tons km'2 yrT
The sediment delivery rate estimated for the South Fork drainage is low 
compared to the sediment yields calculated for the Franciscan rocks of 
northern California (Kelsey, 1980; Lehre, 1982; Raines, 1991). The low 
sediment production and delivery rate can be attributed to relatively stable 
bedrock and a lack of a recent massive landslide or major flood event in 
the South Fork drainage.
A substantial sediment volume, approximately 283,000 m^, was estimated 
to have reached the stream channels in the South Fork drainage and was 
placed in channel storage or moved out of the basin prior to 1940. When 
this material reached the stream channels of the South Fork drainage is 
not known, so no rate can be calculated. However, an additional 
731,000 m3 of sediment was delivered to the stream channels from 1940 
through 1991.
I observed a general increase with time in sediment production and 
delivery from all sources for the 52 year study period. Because the rate of 
sediment production before 1940 is not known, it is not possible to assess 
this increase quantitatively in terms of whether natural processes or land 
use practices have had the greatest influence on this increase.
Landsliding is the major sediment production and delivery process 
identified during the study period.
Numerically large but volumetrically small debris avalanches deliver a 
quarter as much sediment as the relatively few but volumetrically large 
debris block slides.
Surface erosion processes, sheet and rill erosion and road-surface 
erosion, contribute less than 10 percent of the total sediment delivered to 
the stream channels over the 52 years of the study period. These 
processes are insignificant sediment producers relative to landsliding.
The sediment production and delivery processes active in the South Fork 
drainage have varied in rate and relative importance over the study
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period. This variation is expected to continue as management of the 
South Fork drainage continues and in response to major storms and flood 
events.
FUTURE WORK
The results of this investigation suggest additional studies be conducted to gain 
an understanding of how the long-term processes identified influence the 
geomorphology of a forested mountainous watershed. These studies would be 
to;
Complete the sediment budget started here by estimating the rate of 
sediment transfer into and out of channel storage elements. This could 
be accomplished by a detailed geomorphic survey of the fourth and fifth 
order channels in the South Fork drainage. This work should include 
establishing a series of stream channel cross sections.
Document the history of recruitment and stability of large woody debris in 
the main channel of the South Fork Nooksack River in an effort to gain an 
understanding of how these important channel stabilizing elements have 
influenced sediment transfer and channel stability.
Monitor the large-scale landslides in an effort to establish a movement 
history, and therefore, a sediment production and delivery rate for these 
potentially large sediment sources. This effort should be coupled with an 
attempt to date the sackung and slump-earthflow movements by coring 
and dating sediment in the sag ponds associated with these features.
The surface erosion values generated from this study and those 
generated by future research should be coupled to calibrate erosion from 
road surfaces and hillslopes in a wider range of watersheds in the Pacific 
Northwest. The currently available empirically based Watershed Analysis 
and RUSLE methods provide erosion estimates that may or may not 
represent the conditions of the basin being studied. This is especially 
problematical if the land manager is using these methods to make
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decisions on what management practices are best to prevent a major 
downstream impact from planned land use.
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APPENDIX A
Landslide Inventory Data Tables
The landslide inventory is detailed in Tables A-1 through A-5. The data from 
1940, 1956, 1972 and 1979 were compiled from aerial photograph data only. 
Data from 1991 were compiled from aerial photograph and field data.
Elevations, slope and aspect data presented here were determined from a 
USGS 7.5 minute digital elevation model (DEM) on the GIS. All landslide 
volumes were computed from the regression equations listed on the graphs in 
Figures 7 through 9. For Tables A-1 through A-5 the volume of landslide 
sediment produced and delivered is listed at the end of each landslide type. The 
total landslide volumes produced and delivered are summed at the end of each 
table.
The following abbreviations are used in Tables A-1 through A-5:
• Field or Aerial -
A = Landslide data obtained from aerial photographs
F = Landslide data obtained from field measurements (1991 only)
• Landslide Type -
DA = Debris avalanche 
DBS = Debris block slide 
DF = Debris flow 
RSI = Rock slide
• Related landslide - indicates if a landslide is secondary to a landslide of
another type -
BS = Bedrock slump
SE = Slump-earthflow
• Natural or human -
N = a landslide that did not occur near a human land use
H = a landslide that occurred in association with a human land use
• Stream -
SS = a landslide that occurred in or near a stream channel
• Road-related -
rd = a landslide that occurred on or near a road
108
• Clearcut -
CC = a landslide that occurred in a timber harvest unit logged during the 
preceding aerial photograph interval.
• Elevation -
Elevation, in meters, determined using a USGS 7.5 minute DEM.
• Slope -
Slope, in degrees, determined using a USGS 7.5 minute DEM.
• Aspect -
Aspect, in degrees, determined using a USGS 7.5 minute DEM.
• Geologic unit -
The geologic units are explained in Figure 3.
• Vegetation type -
The vegetation types are listed in Table 2.
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A 2,730 2,841 DA N SS 376 25 23 Qvg forest
A 498 518 DA N SS 866 25 203 Ql forest
A 109 113 DA N SS 538 45 203 KJbu forest
A 1,140 1,187 DA N SS 500 12 68 KJbu forest
A 228 237 DA BS N SS 520 45 203 Qvg forest
A 247 257 DA N SS 500 84 203 Qvg forest
A 594 619 DA N SS 521 84 203 Qvg forest
A 1,701 1,770 DA N SS 363 25 203 Qvg forest
A 668 695 DA N SS 980 25 203 but forest
A 116 121 DA N SS 786 25 293 KJbu forest
A 608 633 DA DF N SS 834 25 203 Ql forest
A 1,991 2,072 DA N SS 1,023 25 203 but forest
A 1,488 1,549 DA N 495 25 113 KJbu forest
A 1048 1,091 DA BS H SS CC 473 25 203 Ql alpine
A 271 282 DA BS N SS 567 25 203 Ql forest
A 372 388 DA N SS 735 12 293 KJbu forest
A 138 144 DA N SS 770 45 203 but forest
A 877 913 DA N SS 815 45 113 but alpine
A 850 885 DA N SS 875 25 113 but unvegetated
A 1,682 1,750 DA N SS 898 45 203 but alpine
A 1,814 1,888 DA N SS 927 45 113 but unvegetated
A 1,755 1,827 DA N SS 1,002 45 113 but unvegetated
A 380 395 DA N SS 1,075 45 158 but forest
A 537 559 DA N SS 1,138 25 113 but forest
A 1,898 1,976 DA N 934 25 248 but forest
A 178 186 DA N 954 25 248 but forest
A 335 349 DA N SS 967 12 293 but forest
A 241 250 DA N SS 955 25 248 but forest
A 100 104 DA N SS 916 25 248 but forest
A 1,171 1,219 DA N SS 900 25 248 but forest
A 1,312 1,365 DA N SS 885 12 338 but forest
A 11,178 11,635 DA N SS 909 25 203 but forest
A 3,377 3,515 DA N SS 884 25 338 but forest
A 2,252 2,344 DA N SS 876 25 203 but forest
A 2,433 2,533 DA N SS 851 25 248 but forest
A 298 310 DA N rd 1,042 25 68 Kjs forest
A 225 234 DA N SS cc 560 25 158 Qvg forest
A 1,584 1,649 DA BS N SS 1,039 25 248 Ql forest
A 476 495 DA BS N SS 987 45 203 Ql forest
A 2,405 2,503 DA BS N SS 981 45 248 Ql forest
A 47 49 DA N SS rd 995 45 68 Kjs forest
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A 261 272 DA BS N SS 689 25 158 Ql unvegetated
A 231 241 DA BS N SS 727 45 203 Ql unvegetated
A 2,833 2,949 DA N SS 390 25 23 Qvg unvegetated
A 1,050 1,093 DA BS N SS 840 45 203 Ql forest
Total Delivered
58,003 45,243
A 1,304 4,223 DBS N SS 1,199 25 293 but forest
Total Delivered
4,223 3,294
A 1,441 1,160 DF N SS 1,012 25 203 but forest






A 6,134 6,384 DA N 635 12 293 Qvg forest
A 916 954 DA N SS 967 84 158 JTrc forest
A 374 389 DA N SS 654 12 203 Qvg forest
A 480 500 DA N SS 885 45 158 but forest
A 503 524 DA N SS 859 25 203 KJbu forest
A 813 846 DA SE N 690 25 158 Qvg forest
A 3,789 3,944 DA N 968 25 293 JTrc forest
A 315 328 DA SE N SS 607 12 248 Qyal forest
A 1,143 1,190 DA SE N SS 613 12 248 Qvg forest
A 3,057 3,182 DA BS N SS 764 12 203 JTrc forest
A 1,280 1,333 DA BS N SS 815 25 203 Qvg forest
A 2,748 2,860 DA BS N SS 822 25 203 Qvg forest
A 7,379 7,681 DA N SS 947 45 203 KJbu forest
A 526 547 DA N SS 1,077 45 158 KJbu forest
A 115 120 DA N SS 1,123 45 158 KJbu forest
A 87 91 DA N SS 1,120 45 113 KJbu forest
A 165 172 DA N SS 1,161 45 158 but forest
A 1,592 1,657 DA BS N SS 1,167 12 158 Ql forest
A 2,178 2,267 DA N SS 1,185 6 158 but forest
A 661 688 DA N SS 1,106 45 113 KJbu forest
A 876 912 DA SE N SS 562 12 113 Qyal forest
A 1,478 1,538 DA SE N SS 598 25 248 Qvg forest
A 202 210 DA N SS 824 45 203 JTrc forest
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TABLE A-1. LANDSLIDE DATA FOR 1940.
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A 2,058 2,142 DA N SS 884 45 23 but forest
A 108 112 DA N SS 802 25 338 Qvg forest
A 9,057 9,427 DA N SS 968 45 338 but forest







N SS 724 25 203 KJbu forest
A 607 1,970 DBS N 637 12 113 Qvg forest
A 1,267 4,109 DBS N SS 662 12 203 Qvg forest







N 1,018 45 248 JTrc forest
A 967 1,006 RSI N SS 945 45 158 but forest
A 4,681 4,872 RSI N 1,119 84 158 but unvegetated
A 653 680 RSI N 1,182 84 158 but alpine
A 768 799 RSI N 1,027 84 158 but unvegetated
A 1,274 1,327 RSI N 916 45 158 but unvegetated
A 1,174 1,222 RSI N 1,173 84 158 but unvegetated
A 329 342 RSI N 1,206 84 113 but unvegetated
A 2,564 2,669 RSI N 1,101 84 158 but unvegetated
A 395 411 RSI N 1,106 84 113 but unvegetated
A 9,099 9,471 RSI N 1,131 84 158 but alpine
A 2,082 2,167 RSI N 1,086 45 158 but unvegetated
A 11,364 11,829 RSI N 1,133 45 158 but forest
A 1,841 1,916 RSI N 1,083 45 158 but forest
A 911 948 RSI N 997 84 203 but forest
A 11,333 11,796 RSI N 1,063 84 158 but unvegetated
A 3,478 3,620 RSI N 1,222 45 158 but alpine
A 9,371 9,753 RSI N 1,213 46 158 but forest
A 8,533 8,881 RSI N 1,240 45 158 but forest
A 7,801 8,119 RSI N 968 45 23 but forest
A 3,055 3,179 RSI N 1,059 84 23 but unvegetated
A 4,154 4,324 RSI N 1,455 45 203 but unvegetated
A 375 390 RSI N 1,430 46 248 but unvegetated
A 1,807 1,881 RSI N 1,321 45 203 but unvegetated
A 5,310 5,527 RSI N 1,230 45 203 but unvegetated
A 823 857 RSI N 1,109 45 203 but unvegetated
A 1,916 1,995 RSI N 1,011 45 203 but unvegetated
A 618 643 RSI N 1,251 45 158 but unvegetated
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A 11,736 12,215 RSI N 1,221 45 158 but unvegetated






A 457 476 DA N 1,246 84 248 JTrcd forest
A 812 845 DA N SS 913 84 293 JTrc forest
A 1,286 1,338 DA N ss 904 84 158 JTrc forest
A 1,163 1,210 DA N SS 940 45 113 PDcs forest
A 1,073 1,117 DA N ss 853 45 158 PDcs forest
A 1,465 1,525 DA H ss 574 6 293 Qvg forest
A 176 183 DA SE N ss 644 12 203 Qvg forest
A 11,656 12,132 DA N 1,348 45 203 JTrcd unvegetated
Total Delivered
18,826 14,684
A 1,941 6,283 DBS SE N ss 1,000 45 248 JTrc forest
Total Delivered
6,283 5,278








TABLE A-2. LANDSLIDE DATA FOR 1956.
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A 600 624 DA N 497 25 338 Kjs forest
A 1 ,469 1 ,529 DA SE H SS oc 527 45 203 Qvg forest
A 923 961 DA SE H ss oc 426 45 1 58 Qvg forest
A 298 310 DA SE H SS oc 426 25 248 Qvg forest
A 388 404 DA H ss 00 426 25 203 Qvg forest
A 868 903 DA SE H ss 00 426 45 158 Qvg forest
A 502 523 DA SE H ss 00 426 25 1 58 Qvg forest
A 181 188 DA SE H ss 00 426 25 203 Qvg forest
A 373 388 DA H ss 00 61 7 25 248 Qvg forest
A 1.027 1,069 DA SE H ss 00 597 25 1 58 Qvg forest
A 257 268 DA SE H ss 00 408 25 203 Qvg forest
A 712 741 DA BS H rd 477 25 203 Ql forest
A 497 517 DA H 00 501 25 203 Kjs forest
A 332 345 DA H ss rd 41 2 25 203 Kjs forest
A 386 401 DA H ss rd 00 442 45 203 Kjs alpine
A 141 147 DA BS H ss rd 00 472 25 203 Ql forest
A 270 281 DA H rd 614 45 293 JTrc forest
A 1 ,204 1 ,253 DA H ss rd 562 45 113 Qvg forest
A 1 ,026 1,068 DA H rd 599 45 23 KJbu forest
A 1 39 145 DA N 823 45 23 KJbu forest
A 85 89 DA N 832 25 23 KJbu forest
A 1 44 150 DA H ss 00 869 45 23 KJbu forest
A 165 172 DA H ss 00 856 25 338 KJbu forest
A 529 551 DA H ss 00 847 1 2 23 KJbu forest
A 167 174 DA H ss 00 851 25 293 KJbu forest
A 124 129 DA H ss rd 00 890 1 2 293 KJbu forest
A 666 693 DA H ss rd 1,002 45 293 Qvg unvegetated
A 87 91 DA H ss 00 528 25 203 KJbu forest
A 124 129 DA N 1,194 6 158 Kjs forest
A 570 594 DA H ss 00 568 25 158 Qvg forest
A 1 70 1 77 DA BS H rd 847 25 203 Ql forest
A 393 409 DA H ss 997 84 203 Kjs forest
A 136 142 DA N ss 1,115 45 203 Qvg forest
A 1,394 1,451 DA N 1,175 45 158 but unvegetated
A 1 ,280 1,332 DA N ss 559 1 2 338 Qvg forest
A 1 ,004 1,045 DA BS N 868 25 203 Ql forest
A 2,975 3,097 DA N ss 1,038 25 158 but forest
A 1 ,729 1,799 DA H ss rd 1,071 1 2 1 58 but forest
A 1 ,488 1,549 DA N 495 25 113 KJbu forest
A 976 1,016 DA BS N ss 835 45 203 Ql forest
A 504 525 DA BS N 596 25 203 Ql forest
A 660 687 DA BS H ss rd 533 25 203 Ql alpine
A 223 232 DA BS N ss 822 25 293 KJbu forest
A 838 872 DA N ss 852 25 293 KJbu forest
A 109 11 3 DA H ss 00 842 1 2 23 KJbu forest
A 275 286 DA H ss 00 705 25 23 KJbu forest
A 438 456 DA BS N ss 654 25 248 Ql forest
A 201 209 DA BS N ss 642 45 203 Ql forest
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A 146 152 DA BS N SS 991 45 203 Ql forest
A 633 659 DA BS N SS 1,010 25 203 Ql alpine
A 1,345 1,400 DA N SS 906 84 203 but alpine
A 671 698 DA N SS 870 25 113 but forest
A 466 485 DA N SS 922 45 11 3 but unvegetated
A 1 ,687 1 ,756 DA N SS 995 45 113 but unvegetated
A 1 2,392 12,898 DA N 990 84 203 but alpine
A 293 305 DA N SS 1,076 45 158 but forest
A 687 71 5 DA N SS 1,113 25 1 58 but forest
A 2,994 3,116 DA BS H OC 629 25 248 Ql forest
A 712 741 DA H SS OC 903 25 23 KJbu forest
A 842 876 DA N 937 25 248 but forest
A 249 259 DA N 956 25 248 but forest
A 226 235 DA N SS 999 1 2 293 but forest
A 567 590 DA N SS 975 1 2 293 but forest
A 40 42 DA N SS 953 25 248 but forest
A 425 443 DA N SS 91 8 25 293 but forest
A 595 619 DA N SS 904 25 248 but forest
A 2,389 2,487 DA N SS 898 1 2 23 but alpine
A 1,026 1 ,068 DA N SS 900 25 248 but forest
A 1 ,503 1 ,564 DA N SS 909 25 248 but forest
A 1,367 1 ,423 DA N SS 889 25 23 but forest
A 429 446 DA N SS 899 25 248 JTrc forest
A 644 671 DA N SS 895 45 203 JTrc forest
A 716 745 DA H SS CD 751 25 203 Kjs forest
A 493 513 DA H SS OC 786 25 203 Kjs forest
A 133 138 DA H SS 00 814 45 68 Kjs forest
A 298 310 DA H rd 1,042 45 68 Kjs forest
A 1,314 1,367 DA SE N SS 1,116 1 2 6 8 Qvg forest
A 1 ,257 1,308 DA N SS 451 1 2 338 Qvg forest
A 589 613 DA H 'iSS 00 367 25 68 Qvg unvegetated
A 1 ,494 1,556 DA N 380 25 203 Qvg forest
A 1 ,602 1,668 DA H SS rd 376 1 2 338 Qvg forest
Total Delivered
72,098 56,236
A 268 868 DBS BS H rd 667 45 203 Ql unvegetated
A 1 ,304 4,223 DBS N SS 1,104 84 158 but unvegetated
A 283 916 DBS N SS 558 25 113 Qvg unvegetated
A 1 ,734 5,615 DBS N 850 25 248 but forest
Total Delivered
11,622 9,763
A 3,641 2,931 DF H 00 556 25 23 Kjs forest
A 800 644 DF H SS 00 420 25 203 Qvg forest
A 867 698 DF H 00 443 25 203 Qvg forest
A 259 209 DF H SS 00 550 45 203 Qvg forest
A 245 197 DF H rd 702 45 203 Kjs forest
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A 220 177 DF BS H rd 697 45 203 Ql forest
A 370 298 DF BS H rd 713 45 203 Ql forest
A 609 490 DF H rd 546 25 68 Kjs forest
A 2,079 1,673 DF N ss 707 1 2 248 KJbu forest
A 856 689 DF N ss 716 25 23 KJbu forest






A 1,119 1,165 DA SE N SS 569 6 248 Qyal forest
A 2,040 2,124 DA N SS 91 4 25 203 KJbu forest
A 1 ,308 1,362 DA N 992 45 248 KJbu forest
A 627 653 DA N SS 747 25 293 JTrc forest
A 1,202 1,251 DA N SS 796 25 23 JTrc alpine
A 1,736 1,807 DA N ss 674 6 158 Qvg forest
A 1,814 1,888 DA H ss oc 1,074 45 203 KJbu forest
A 82 85 DA N ss 927 45 338 JTrc forest
A 935 973 DA N ss 997 84 338 JTrc forest
A 2,999 3,121 DA N ss 1,010 84 293 JTrc forest
A 151 157 DA N ss 1,033 45 293 JTrc forest
A 753 783 DA N ss 1,144 45 113 but forest
A 1,395 1,452 DA SE N 584 1 2 293 O/g forest
A 2,698 2,809 DA SE N ss 591 6 248 Qvg forest
A 4,202 4,374 DA SE N 608 1 2 248 Qvg forest
A 682 710 DA SE N ss 605 1 2 248 Qyal forest
A 1,281 1 ,333 DA SE N 61 5 1 2 248 Qvg forest
A 1,968 2,048 DA N ss 795 25 203 Qvg forest
A 296 308 DA N ss 790 25 203 Qvg alpine
A 127 1 32 DA N 1,265 45 203 PDcl forest
A 54 57 DA N ss 1,194 45 203 PDcl forest
A 432 449 DA N ss 1,013 45 203 PDcs forest
A 7,112 7,403 DA N 965 45 203 KJbu forest
A 2,979 3,101 DA N ss 1,167 45 203 but forest
A 664 691 DA N ss 1,108 45 1 58 KJbu forest
A 634 660 DA N ss 1,118 45 1 58 KJbu forest
A 6,593 6,863 DA BS N 1,194 6 1 58 Ql forest
A 330 343 DA BS N 1,202 25 158 Ql forest
A 1,604 1 ,669 DA H ss oc 620 1 2 293 Qyal alpine
A 1 ,245 1,296 DA N ss oc 666 1 2 293 Qvg alpine
A 3,641 3,790 DA N ss 762 25 338 JTrc forest
A 3,583 3,729 DA DF N ss 91 7 45 23 but forest
A 677 704 DA DF N ss 950 45 23 but forest
A 1 ,852 1,928 DA N ss 873 45 23 Qvg alpine
A 410 427 DA N ss 836 45 23 Qvg alpine
A 3,041 3,165 DA N ss 732 45 203 KJbu forest
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A 2,076 2,161 DA DF N
Total Delivered
66,971 52,238
A 1,568 5,077 DBS BS N
A 472 1,528 DBS BS N
A 2,983 9,656 DBS BS N
A 918 2,970 DBS N
Total Delivered
19,231 16,154
A 1,821 1 ,466 DF N
Total Delivered
1,466 1,231
A 967 1,006 RSI N
A 4,681 4,872 RSI N
A 653 680 RSI N
A 768 799 RSI N
A 1,274 1,327 RSI N
A 1,1 74 1,222 RSI N
A 329 342 RSI N
A 2,564 2,669 RSI N
A 395 411 RSI N
A 9,099 9,471 RSI N
A 2,082 2,167 RSI N
A 11,364 11,829 RSI N
A 1 ,841 1,916 RSI N
A 911 948 RSI N
A 11,333 11,796 RSI N
A 3,478 3,620 RSI N
A 9,371 9,753 RSI N
A 8,533 8,881 RSI N
A 7,801 8,119 RSI N
A 3,055 3,179 RSI N
A 4,154 4,324 RSL N
A 375 390 RSL N
A 1,807 1 ,881 RSL N
A 5,310 5,527 RSL N
A 823 857 RSL N
A 1 ,916 1,995 RSL N
A 618 643 RSL N
A 1 1,736 12,215 RSL N





SS 689 1 2 158 Qvg forest
ss 1,179 1 2 68 Ql forest
SS 1,170 1 2 113 Ql forest
ss 1,186 1 2 158 Ql forest
ss 1,150 1 2 113 but forest
ss 1,306 84 293 JTrc forest
945 45 1 58 but forest
1,115 84 1 58 but unvegetated
1,180 84 158 but alpine
1,023 84 158 but unvegetated
916 45 158 but unvegetated
1,171 84 158 but unvegetated
1,199 84 113 but unvegetated
1,100 84 1 58 but unvegetated
1,100 84 113 but unvegetated
1,119 84 1 58 but unvegetated
1,080 45 158 but unvegetated
1,125 45 158 but forest
1,077 45 1 58 but forest
999 84 203 but forest
1,037 84 158 but unvegetated
1,219 45 158 but alpine
1,212 45 1 58 but forest
1,240 45 1 58 but forest
968 45 23 but forest
1,059 84 23 but unvegetated
1,457 45 203 but unvegetated
1,429 1 2 68 but unvegetated
1,319 45 203 but unvegetated
1,231 45 203 but unvegetated
1,108 45 203 but unvegetated
1,011 45 203 but unvegetated
1,252 45 158 but unvegetated
1,218 45 158 but unvegetated































































A 4,622 4,811 DA SE N
A 3,311 3,446 DA N
A 169 176 DA N
A 623 649 DA N
A 1 ,127 1 ,173 DA N
A 616 641 DA N
A 2,460 2,560 DA N
A 1 ,743 1,815 DA SE N
A 774 806 DA SE N
A 2,748 2,861 DA SE N
A 71 1 740 DA N
A 21 1 220 DA SE N
A 702 731 DA N
Total Delivered
20,627 16,089
A 14,245 46,113 DBS N
A 1 ,013 3,279 DBS N
Total Delivered 
49,393 38,526
A 4,807 3,869 DF N
A 464 374 DF N
A 2,423 1,950 DF N
A 3,796 3,056 DF N
A 2,834 2,281 DF N
Total Delivered
1 1 ,530 9,685
Subbasin total -
81,550 11 2,521
Total for 1956 •
728 84 338 Qvg forest
SS 697 45 338 Qvg forest
SS 1,313 84 203 JTrc alpine
SS 945 45 248 JTrc forest
1,033 45 203 PDcs forest
636 25 203 Qvg forest
SS 1,022 45 248 JTrc forest
593 1 2 1 58 Qvg forest
SS 593 1 2 293 Qvg forest
588 5 293 Qvg forest
619 25 1 58 Qvg forest
605 1 2 293 Qvg forest
1,022 45 248 PDcs forest
1,374 45 203 JTrcd alpine
1,276 45 248 JTrc forest
SS 913 84 293 JTrc forest
SS 1,31 7 45 203 JTrc alpine
SS 1,251 45 248 JTrc forest
1,372 45 203 JTrcd forest
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A 193 201 DA BS H
A 136 142 DA H
A 126 131 DA N
A 40 42 DA DBS H
A 156 162 DA H
A 435 453 DA H
A 189 197 DA H
A 140 146 DA N
A 91 95 DA N
A 369 384 DA H
A 334 348 DA H
A 408 425 DA BS H
A 329 342 DA BS H
A 64 66 DA BS H
A 516 537 DA BS H
A 118 123 DA BS H
A 429 447 DA BS H
A 294 306 DA H
A 621 646 DA N
A 321 334 DA H
A 120 125 DA H
A 664 691 DA H
A 98 102 DA BS H
A 392 408 DA BS N
A 39 41 DA BS N
A 69 72 DA N
A 531 55 2 DA N
A 335 349 DA N
A 2,582 2,687 DA N
A 1,795 1,868 DA N
A 80 83 DA H
A 393 409 DA H
A 136 142 DA N
A 571 595 DA BS H
A 297 309 DA N
A 379 395 DA N
A 824 85 7 DA N
A 1,394 1,451 DA N
A 1,332 1,386 DA N
A 1,018 1,060 DA N
A 1,004 1,045 DA N
A 354 368 DA N
A 237 247 DA H
A 145 151 DA H

















































SS CC 1,064 45 248 Qvg forest
rd 1,158 25 113 Kjs forest
1,194 6 158 Kjs forest
SS 1,263 25 113 Qvg alpine
rd 1,453 45 203 Qvg unvegetatec
rd CC 1,430 25 248 Qvg unvegetatec
rd 1,182 1 2 203 Qvg forest
1,175 1 2 203 Qvg forest
SS 1,163 45 203 Qvg forest
rd CC 1,170 1 2 113 Kjs forest
rd CC 1,268 45 158 KJbu unvegetatec
rd CC 1,176 25 113 Ql forest
rd CC 1,140 25 113 Ql forest
rd CC 1,226 45 203 Ql unvegetatec
rd CC 814 25 203 Ql forest
rd CC 1,108 45 203 Ql unvegetatec
SS CC 1,008 45 203 Ql unvegetatec
rd 938 45 203 but forest
rd 907 25 248 but forest
871 45 113 but forest
SS rd 1,242 45 158 Qvg forest
SS rd 659 25 293 KJbu alpine
SS rd CC 867 45 23 Ql forest
978 45 158 Ql forest
SS 909 45 23 Ql forest
1,291 84 293 Ql forest
SS 878 45 23 Ql alpine
SS 921 84 248 but forest
SS 1,389 45 203 but alpine
SS 947 45 338 but forest
SS rd 970 45 23 but forest
SS rd 997 84 203 Kjs forest
SS 1,115 45 203 Qvg forest
SS rd 389 46 203 Ql forest
SS 1,100 22 23 KJbu forest
SS 671 45 248 KJbu alpine
CC 1,290 84 203 KJbu forest
1,175 45 158 but unvegetatec
rd 1,180 84 158 JTrc unvegetatec
SS 609 6 248 JTrc forest
SS 914 25 158 Ql alpine
SS 569 25 203 Qvg forest
SS 584 45 248 Qvg forest
SS cc 807 45 113 Qvg alpine
cc 599 25 248 Qvg forest
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A 777 809 DA H rd 986 25 248 but forest
A 174 181 DA H rd 936 25 203 but forest
A 352 366 DA H rd OC 500 25 203 Qvg forest
A 307 319 DA H rd 835 45 203 KJbu forest
A 69 71 DA BS H rd 652 45 158 Ql forest
A 433 451 DA BS H SS rd OC 519 45 248 Ql forest
A 189 196 DA BS H SS rd 426 25 203 Qvg forest
A 276 288 DA H SS rd 1,051 1 2 203 KJbu forest
A 160 167 DA H SS OC 793 25 23 KJbu forest
A 133 138 DA H SS rd 838 25 338 KJbu forest
A 29 30 DA N SS 809 25 203 KJbu forest
A 61 64 DA N SS 1,038 1 2 158 KJbu forest
A 1,305 1,358 DA H rd 553 25 338 KJbu forest
A 1,232 1,283 DA H rd 1,028 25 158 KJbu forest
A 359 373 DA H rd 1,023 25 158 KJbu forest
A 95 99 DA SE N 567 25 338 Qvg forest
A 856 891 DA H SS rd OC 599 25 293 KJbu forest
A 265 276 DA N SS 979 25 203 Qvg forest
A 186 194 DA N 568 25 248 Qvg forest
A 2,920 3,039 DA N 627 45 23 Qvg forest
A 885 921 DA N 948 25 248 but forest
A 942 980 DA N SS 646 25 23 but forest
A 1,608 1,674 DA N SS 607 25 11 3 but forest
A 2,621 2,728 DA N SS 656 25 23 but forest
A 416 433 DA N SS 691 25 338 but forest
A 578 602 DA N 592 25 158 but forest
A 223 232 DA N 879 25 203 but forest
A 81 84 DA N 71 3 25 23 but forest
A 397 414 DA N 729 25 203 but unvegetatec
A 269 280 DA H rd 852 25 248 KJbu forest
A 1,460 1,520 DA N 780 1 2 293 KJbu forest
A 1,675 1,743 DA H rd 787 1 2 293 but forest
A 308 321 DA N 882 1 2 338 KJbu forest
A 585 609 DA N 851 25 248 KJbu forest
A 351 365 DA SE N SS 922 25 338 KJbu forest
A 246 256 DA N SS 973 1 2 293 but forest
A 2,303 2,397 DA N SS 874 25 338 KJbu forest
A 930 969 DA H SS rd 00 853 25 293 KJbu forest
A 3,154 3,283 DA H SS rd 00 891 1 2 338 KJbu forest
A 661 688 DA H SS rd 00 893 6 248 KJbu forest
A 266 277 DA H SS rd 00 708 25 248 but forest
A 498 518 DA N 890 25 338 but forest
A 378 393 DA N 908 1 2 338 but forest
A 41 1 427 DA N 525 1 2 158 but forest
A 8,154 8,487 DA N 91 2 25 203 but forest
A 1,034 1,076 DA N 879 45 248 but forest
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A 2,277 2,370 DA N 873 25 158 but forest
A 8,620 8,972 DA N SS rd OC 959 1 2 23 but forest
A 5,362 5,581 DA H 863 45 158 but forest
A 629 655 DA N 850 25 203 but forest
A 279 290 DA N 850 25 203 but forest
A 405 422 DA N 874 25 203 PDcs forest
A 716 745 DA H SS 00 751 25 203 Kjs forest
A 493 513 DA H SS 00 786 25 203 Kjs forest
A 133 138 DA H SS 00 814 45 68 Kjs forest
A 5,635 5,865 DA N SS 334 45 23 Qvg forest
A 1,346 1,401 DA H SS 00 458 25 23 Qvg forest
A 436 454 DA H SS rd 00 379 1 2 23 Qvg forest
A 1,383 1,440 DA H SS rd 00 390 25 23 Qvg forest
A 282 294 DA BS H SS 00 655 25 338 Ql forest
A 1,257 1,308 DA N SS 451 1 2 338 Qvg forest
A 564 587 DA H rd 497 25 68 Qvg forest
A 1,602 1,667 DA N SS 594 45 68 Kjs forest
A 948 987 DA BS N SS 1,202 25 293 Ql forest
A 213 222 DA BS N SS 553 25 68 Ql forest
A 376 392 DA BS N SS 1,205 25 293 Ql forest
A 661 688 DA BS N SS 939 45 23 Ql forest
A 2,332 2,427 DA BS N SS 988 45 23 Ql forest
A 1,996 2,078 DA BS N SS 687 1 2 68 Ql alpine
Total Delivered
103,273 80,553
A 2,792 9,038 DBS H SS 00 1,316 45 203 Qvg unvegetatec
A 637 2,063 DBS H SS 00 1,086 45 158 Qvg forest
A 1,304 4,223 DBS N SS 1,104 84 158 but unvegetatec
A 853 2,761 DBS H rd 561 45 210 Qvg forest
A 16,463 53,295 DBS H SS 561 45 210 Qvg forest
A 659 2,132 DBS N SS 665 45 23 KJbu forest
Total Delivered
73,514 61,752
A 4,978 4,007 DF H rd 00 1,206 84 158 Ql unvegetatec
A 348 280 DF H rd 00 1,303 45 203 Ql unvegetatec
A 280 225 DF H rd 00 816 45 203 Kjs forest
A 691 556 DF N 760 6 203 but forest
A 1,807 1,454 DF H SS rd 00 1,093 45 23 KJbu forest
A 782 630 DF H rd 1,086 45 158 KJbu unvegetatec



























































































A 2,040 2,123 DA N SS 914 46 203 KJbu forest
A 1,308 1,362 DA N SS 992 45 248 KJbu forest
A 627 653 DA N SS 747 46 293 JTrc forest
A 1,736 1,807 DA N SS 674 6 158 Qvg forest
A 67 70 DA H 799 25 158 Qyal forest
A 236 246 DA N 970 45 23 JTrc forest
A 58 61 DA H SS OC 620 6 203 KJbu forest
A 571 594 DA N OC 1,134 45 158 Ql forest
A 752 782 DA N SS 1,206 84 113 JTrc unvegetatec
A 4,668 4,858 DA H SS CC 1,295 45 203 Qyal forest
A 1,233 1,283 DA SE N SS 1,257 45 203 Qyal alpine
A 4,494 4,677 DA BS H rd 940 45 203 Qvg forest
A 3,019 3,142 DA N SS 790 46 203 Qvg alpine
A . 127 132 DA N 1,265 45 203 PDcl forest
A 54 57 DA N SS 1,194 45 203 PDcl forest
A 432 449 DA N SS 1,013 45 203 PDcs forest
A 215 224 DA H 933 45 203 but forest
A 643 669 DA N 601 1 2 248 but forest
A 7,468 7,772 DA N 879 45 68 KJbu forest
A 480 499 DA BS N 963 25 248 Ql forest
A 366 381 DA BS N 1,043 45 248 Ql forest
A 5,798 6,034 DA BS N 671 45 113 Ql unvegetatec
A 1,049 1,092 DA BS N 633 45 113 Ql unvegetatec
A 213 221 DA N 1,031 1 2 293 but forest
A 1,709 1,779 DA N 637 45 113 but unvegetatec
A 1,567 1,631 DA N 629 84 293 KJbu forest
A 7,205 7,498 DA BS N 613 45 293 Ql forest
A 284 295 DA BS H SS rd 817 84 113 Ql alpine
A 81 1 844 DA N SS 659 6 203 Qvg forest
A 2,199 2,289 DA N 731 25 158 Qvg alpine
A 323 336 DA SE N SS 572 45 203 Qvg forest
A 825 858 DA SE N SS 540 1 2 158 Qvg forest
A 3,666 3,815 DA SE H SS OC 609 1 2 203 Qyal forest
A 1,037 1,080 DA N 1,006 1 2 158 JTrc forest
A 99 103 DA H rd 489 25 248 JTrc forest
A 2,256 2,347 DA N SS 649 25 338 but forest
A 635 661 DA N SS 945 25 68 but forest
A 829 863 DA N SS 41 1 25 203 but forest
A 1,798 1,872 DA N SS 489 25 203 but forest
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A 2,853 9,235 DBS N SS 945 6 248 PDcs forest
A 2,428 7,859 DBS
Total Delivered
17,094 14,359
H SS OC 465 1 2 293 KJbu forest
A 1,069 860 DF N 1,245 84 203 but forest
A 581 467 DF N 1,080 45 158 but forest
A 581 468 DF H SS CC 861 45 23 JTrc forest
A 1,984 1,597 DF
Total Delivered
3,392 2,850
N 897 45 248 Qvg forest
A 967 1,006 RSL N 1,045 25 203 but forest
A 4,681 4,872 RSL N 1,046 45 203 but forest
A 653 680 RSL N 946 45 158 but forest
A 768 799 RSL N 901 45 248 but forest
A 1,274 1,327 RSL N 858 45 158 but forest
A 1,174 1,222 RSL N 834 45 158 but forest
A 329 342 RSL N 660 25 203 but alpine
A 2,564 2,669 RSL N 642 25 203 but forest
A 395 411 RSL N 643 1 2 203 but forest
A 9,099 9,471 RSL N 638 25 158 but forest
A 2,082 2,167 RSL N 710 25 248 but alpine
A 11,364 11,829 RSL N 626 25 158 but forest
A 1,841 1,916 RSL N 677 6 248 but alpine
A 91 1 948 RSL N 671 6 203 but forest
A 11,333 11,796 RSL N 582 1 2 293 but forest
A 3,478 3,620 RSL N 593 6 293 but forest
A 9,371 9,753 RSL N 586 1 2 293 but forest
A 8,533 8,881 RSL N 596 1 2 158 but forest
A 7,801 8,120 RSI N 968 45 23 but forest
A 3,055 3,180 RSI N 1,059 84 23 but unvegetatec
A 4,154 4,324 RSL N 1,110 25 113 but forest
A 375 390 RSL N 1,111 25 1 1 3 but forest
A 1,807 1,881 RSL N 1,074 45 158 but forest
A 5,310 5,527 RSL N 1,040 25 11 3 but forest
A 823 857 RSL N 967 25 248 but forest
A 1,916 1,995 RSL N 981 45 113 but forest
A 61 8 643 RSL N 992 45 113 but unvegetatec
A 11 ,736 12,215 RSL N 896 45 203 but alpine
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Wanlick Creek
A 142 148 DA H SS oc 730 45 203 PDcs forest
A 89 93 DA H rd 1,221 45 158 PDcs alpine
A 570 593 DA N SS 783 25 68 JTrc alpine
A 503 523 DA N SS 1,155 84 113 JTrc unvegetatec
A 825 859 DA N 1,103 84 113 PDcs unvegetatec
A 601 626 DA H SS CO 915 45 113 Qvg unvegetatec
A 2,411 2,509 DA N 1,120 84 158 Qvg unvegetatec
A 346 361 DA H rd cc 1,022 84 158 PDcs unvegetatec
A 1,743 1,815 DA SE N SS 593 22 158 Qvg forest
A 716 745 DA SE N SS 836 25 248 Qvg forest
A 774 806 DA SE N SS 593 22 293 Qvg forest
A 2,748 2,861 DA SE N SS 588 5 293 Qvg forest
A 708 737 DA H SS rd 550 45 293 Qvg forest
A 606 631 DA H rd 583 25 293 Qvg forest
A 7,451 7,756 DA N 573 25 203 Qvg forest
A 1,031 1,074 DA N SS oc 561 25 203 PDcs forest
A 132 138 DA H SS rd 00 646 1 2 248 Qvg forest
A 507 527 DA H rd 00 536 25 203 PDcs forest
A 3,385 3,523 DA H rd 572 1 2 338 PDcs forest
A 339 353 DA H rd 509 25 203 PDcs alpine
A 595 619 DA N SS 504 45 203 JTrcd alpine
A 59 61 DA N SS 1,263 84 203 JTrcd alpine
A 2,004 2,086 DA BS N 444 25 158 PDcs unvegetatec
A 2,696 2,807 DA BS N 447 25 158 PDcs forest
Total Delivered
32,248 25,153
A 935 3,027 DBS H rd 00 1,059 84 23 Qvg forest
A 14,245 46,1 15 DBS H rd 00 574 45 293 Qvg forest
A 6,571 21,274 DBS N 471 45 248 Qvg unvegetatec
A 9,623 31,153 DBS BS N 581 25 338 JTrcd forest
Total Delivered
101,568 85,317
A 4,080 3,284 DF N 1,024 84 158 JTrc unvegetatec
A 3,283 2,642 DF N 1,212 45 158 JTrcd alpine
A 849 683 DF N SS 568 25 23 PDcs forest
Total Delivered 
6,610 5,552
Subbasin total - 
140,426 116,023
Total for 1972 - 
533,689 428,847
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TABLE A-4. LANDSLIDE DATA FOR 1979.
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A 51 1 532
A 56 58
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DA H rd
DA H SS rd
DA N ss
DA H SS rd
DA H ss
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919 45 23 Kjs
678 25 68 Kjs
553 25 68 Kjs
360 25 23 Qvg
OC 399 25 23 Qvg
OC 467 1 2 248 Qvg
OC 491 25 203 KJbu
377 1 2 203 Qvg
374 1 2 248 Qvg
389 25 203 Ql
587 1 2 293 KJbu
548 1 2 23 KJbu
788 25 293 KJbu
632 1 2 338 KJbu
1,183 25 293 but
652 84 293 JTrc
838 25 203 Ql
1,035 25 158 but
569 25 293 Qvg
OC 582 25 158 Qvg
705 25 203 bup
496 25 11 3 KJbu
466 1 2 293 Qvg
493 12 293 KJbu
00 497 25 203 Ql
00 568 25 203 Ql
00 438 25 158 Qvg
00 444 45 158 Qvg
00 659 25 338 KJbu
00 847 25 293 KJbu
00 815 25 293 KJbu
779 1 2 293 KJbu
787 1 2 293 KJbu
00 738 25 338 KJbu
693 25 338 KJbu
631 1 2 338 KJbu
596 1 2 248 KJbu
558 25 158 Qvg
542 1 2 293 Qvg
528 25 158 Qvg
533 1 2 113 KJbu
652 45 158 Qvg
682 45 158 but
805 45 113 but






































































































































A 2,103 2,189 DA N SS rd 561 45 113 Qvg forest
A 2,539 2,643 DA N SS 551 6 113 Qvg forest
A 3,314 3,449 DA H SS rd 653 45 113 but forest
A 107 11 1 DA H SS rd OC 1,068 25 293 Ked forest
A 95 99 DA H SS rd OC 1,043 25 293 Ked forest
A 1,218 1,268 DA H SS rd OC 902 1 2 113 KJbu forest
A 1,359 1,414 DA H SS rd OC 91 2 25 68 KJbu forest
A 730 760 DA N 946 25 293 but forest
A 4,1 18 4,286 DA N rd 925 25 293 but forest
A 737 767 DA H SS rd OC 709 1 2 248 KJbu forest
A 109 113 DA N SS rd 1,004 1 2 293 but forest
A 521 543 DA N SS 995 6 338 but forest
A 151 157 DA N SS 981 25 338 but forest
A 609 634 DA N SS 963 1 2 338 but forest
A 154 160 DA N SS 956 6 338 but forest
A 359 374 DA N SS 960 1 2 23 but forest
A 929 967 DA N SS 915 25 338 but forest
A 666 694 DA N SS rd 894 1 2 338 but forest
A 1,796 1,870 DA N SS 914 45 23 but forest
A 9,517 9,906 DA N SS 893 25 203 but forest
A 5,279 5,495 DA N SS 894 25 338 but forest
A 2,522 2,625 DA N SS rd 859 1 2 248 but forest
A 767 798 DA N SS 848 25 293 but unvegetatec
A 1,572 1,636 DA N SS rd 842 25 248 but forest
A 1 1 7 121 DA N SS 972 45 203 JTrc forest
A 326 339 DA DBS N SS rd 928 45 203 JTrc forest
A 606 631 DA H 00 945 25 113 Kjs forest
A 293 305 DA N SS 1,056 45 68 Kjs forest
A 339 353 DA N SS 521 25 68 Kjs forest
A 420 437 DA N SS CO 532 25 68 Kjs forest
A 168 175 DA N SS rd 379 1 2 23 Qvg unvegetatec
A 213 222 DA N 379 25 23 Qvg forest
A 74 7 7 DA H SS rd 516 45 248 KJbu forest
A 924 961 DA H rd 975 25 203 but forest
A 830 864 DA BS N SS rd 81 7 45 203 Ql forest
A 5,274 5,490 DA BS H SS 896 45 293 Ql forest
A 700 729 DA BS H SS 901 45 203 Ql forest
A 1,389 1,446 DA BS H SS 964 25 203 Ql forest
A 522 543 DA BS H SS 963 25 248 Ql forest
A 760 791 DA H SS 560 25 338 KJbu forest
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A 35,525 115,004 DBS N SS oc 558 25 68 Qvg forest
A 2,056 6,655 DBS H SS rd 00 391 25 23 Qvg forest
A 2,031 6,574 DBS N 1,200 45 338 but forest
A 570 1,847 DBS N SS 398 1 2 203 Qvg forest
A 608 1,967 DBS N SS 406 25 158 Qvg forest
Total Delivered
132,047 110,919
A 784 631 DF BS H SS 00 733 25 158 Ql alpine






A 1,734 1,805 DA N 855 3 158 but forest
A 595 619 DA N SS 926 45 203 JTrc forest
A 780 81 2 DA N SS 985 45 248 JTrc forest
A 151 157 DA N SS 1,033 45 293 JTrc forest
A 1,102 1,147 DA N 1,197 25 248 PDcs forest
A 456 474 DA N 1,170 45 113 Ql forest
A 424 441 DA H SS rd 00 703 45 293 Qvg forest
A 106 110 DA BS H rd 855 45 158 JTrc forest
A 5,851 6,090 DA SE H 00 600 1 2 248 Qvg forest
A 2,464 2,565 DA SE H 00 608 12 248 Qvg forest
A 1,485 1,546 DA SE H rd 00 615 1 2 248 Qvg forest
A 1,757 1,829 DA BS N SS rd 00 815 25 203 Qvg forest
A 2,021 2,104 DA BS N rd 00 815 45 203 Qvg forest
A 228 237 DA N 962 45 248 PDcs forest
A 1,992 2,074 DA N 877 45 23 but forest
A 7,468 7,773 DA N 879 45 68 KJbu forest
A 1,301 1,354 DA N SS 1,090 45 158 KJbu forest
A 564 587 DA N SS 1,111 45 113 KJbu forest
A 2,325 2,420 DA N SS 1,153 1 2 113 but forest
A 2,859 2,976 DA N SS 1,176 1 2 68 Ql forest
A 187 194 DA N SS 1,165 45 203 but forest
A 2,448 2,548 DA N SS 1,179 1 2 158 Ql forest
A 7,586 7,896 DA BS N SS 1,187 25 113 Ql alpine
A 1,138 1,184 DA BS N SS rd 1,195 1 2 203 Ql forest
A 167 174 DA N 639 45 113 Qvg forest
A 3,310 3,445 DA H 563 6 158 Qyal forest
A 815 848 DA H rd oc 668 45 113 KJbu alpine
A 1 1 3 1 1 7 DA N 1,168 45 248 JTrc forest
A 593 61 7 DA N SS 660 6 203 Qvg forest
A 75 78 DA H SS 00 1,036 25 203 PDcs forest
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A 4,168 4,338 DA N SS 802 25 23 Qvg forest
A 9,519 9,908 DA N SS 976 45 23 but forest
A 3,431 3,571 DA N SS 689 25 158 Qvg forest
Total Delivered
72,039 56,190
A 3,500 11,330 DBS H rd C3C 691 45 68 KJbu alpine
A 4,602 14,897 DBS N 973 45 203 JTrc forest
A 12,215 39,545 DBS N 588 1 2 293 Qvg forest
A 7,373 23,869 DBS N SS 948 45 203 KJbu forest
Total Delivered
89,641 75,298
A 2,443 1,966 DF N SS 865 45 248 JTrc forest
A 1,117 899 DF N SS 1,359 25 248 Pzbyg alpine
A 4,270 3,437 DF N 1,403 45 338 JTrc alpine
Total Delivered
6,302 5,294
A 967 1,006 RSL N 945 45 113 but forest
A 4,681 4,872 RSL N 1,110 84 158 but unvegetatec
A 653 680 RSL N 1,180 84 158 but unvegetatec
A 768 799 RSL N 1,024 84 158 but unvegetatec
A 1,274 1,327 RSL N 914 45 113 but unvegetatec
A 1,174 1,222 RSL N 1,171 84 158 but unvegetatec
A 329 342 RSL N 1,204 84 113 but unvegetatec
A 2,564 2,669 RSL N 1,100 84 158 but unvegetatec
A 395 411 RSL N 1,102 84 113 but unvegetatec
A 9,099 9,471 RSL N 1,153 84 113 but unvegetatec
A 2,082 2,167 RSL N 1,085 45 158 but unvegetatec
A 11,364 11,829 RSL N 1,132 45 158 but forest
A 1,841 1,916 RSL N 1,079 45 158 but forest
A 91 1 948 RSL N 996 84 203 but forest
A 11,333 11,796 RSL N 1,037 84 1 58 but unvegetatec
A 3,478 3,620 RSL N 1,219 45 158 but aipine
A 9,371 9,753 RSL N 1,212 45 158 but forest
A 8,533 8,881 RSL N 1,240 45 158 but forest
A 7,801 8,119 RSL N 968 45 23 but forest
A 3,055 3,1 79 RSL N 1,059 84 23 but unvegetatec
A 4,154 4,324 RSL N 1,454 45 203 but unvegetatec
A 375 390 RSL N 1,430 25 248 but unvegetatec
A 1,807 1,881 RSL N 1,318 45 203 but unvegetatec
A 5,310 5,527 RSL N 1,229 45 203 but unvegetatec
A 823 857 RSL N 1,104 45 203 but unvegetatec
A 1,916 1,995 RSL N 1,007 45 203 but unvegetatec
A 618 643 RSL N 1,246 45 158 but aipine
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Total for subbasin - 
287,742 230,196
Wanlick Creek
A 1,069 1,113 DA N SS 920 45 293 JTrc forest
A 1,126 1,172 DA N ss 773 6 158 Qvg forest
A 265 275 DA H oc 870 45 293 PDcs forest
A 322 335 DA N SS 962 25 338 Qvg alpine
A 847 882 DA N ss 595 1 2 293 Qvg forest
A 680 707 DA H rd 935 45 68 PDcs alpine
A 184 192 DA H rd 927 45 68 PDcs alpine
A 232 242 DA H rd 1,001 45 203 PDcs alpine
A 745 775 DA N 903 45 248 PDcs forest
A 633 659 DA H 00 902 45 203 PDcs alpine
A 1,960 2,040 DA N 638 25 158 Qvg forest
A 1,719 1,790 DA H rd 712 25 203 Qvg alpine
A 1,446 1,505 DA H rd 858 45 248 PDcs forest
A 30 32 DA H ss rd 881 45 68 PDcs forest
A 87 91 DA H ss rd 854 45 113 PDcs alpine
A 289 301 DA H ss rd 875 45 113 PDcs alpine
A 654 681 DA N 851 45 158 PDcs forest
A 1,743 1,815 DA SE N 593 1 2 158 Qvg forest
A 716 745 DA SE N rd 836 25 248 Qvg forest
A 774 806 DA SE N ss 593 1 2 293 Qvg forest
A 2,748 2,861 DA SE N 588 3 293 Qvg forest
A 855 890 DA H ss rd 661 25 203 Qvg alpine
A 487 507 DA N ss 1,006 45 293 JTrc forest
A 125 130 DA N ss rd 993 45 158 JTrc forest
A 359 374 DA H rd 942 45 113 PDcs forest
A 429 447 DA DBS N ss rd 759 25 203 Qvg forest
A 2,088 2,173 DA H ss rd 925 25 23 MzPzt forest
A 4,861 5,060 DA N rd 875 45 293 PDcs forest
A 681 709 DA H ss rd 938 45 203 PDcs forest
A 1,071 1,115 DA H ss rd 814 45 158 Qvg forest
A 198 207 DA H rd 925 45 68 PDcs forest
A 402 419 DA H rd 00 925 25 68 PDcs forest
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14,245 46,115 DBS N SS rd 1,103 45 1 58 JTrc forest
7,451 24,121 DBS N 573 25 203 Qvg forest
9,623 31,153 DBS BS N 1,295 45 203 JTrcd forest
Total Delivered
101,389 85,167







F/A 892 1,200 DA H SS rd 561 45 293 KJbu forest
F/A 90 134 DA H SS rd 551 25 293 KJbu forest
A 335 349 DA H cc 642 45 293 JTrc forest
A 61 8 643 DA BS H rd 1,031 25 248 Ql forest
A 871 907 DA BS H SS cc 1,012 25 203 Ql forest
A 21 2 221 DA BS H SS oc 792 25 293 Ql forest
A 333 34 7 DA BS H SS cr 792 45 293 Ql forest
A 169 176 DA BS H SS oc 792 45 293 Ql forest
A 157 163 DA N SS 1,012 25 203 but forest
A 118 123 DA H SS 00 1,036 25 203 but forest
A 47 49 DA N 569 25 203 Qvg forest
A 564 587 DA N 582 25 293 Qvg forest
A 68 71 DA N SS 591 25 203 Qvg forest
A 67 70 DA N SS 583 25 248 Qvg forest
A 94 98 DA N SS 61 7 25 248 Qvg forest
A 656 683 DA N 570 25 158 Qvg forest
A 364 379 DA H rd 699 25 203 bup forest
A 360 375 DA H rd 946 25 248 but forest
A 889 925 DA H rd 977 25 203 but forest
A 1,367 1,423 DA H SS 00 841 1 2 248 Ked forest
A 1,488 1,549 DA N 495 25 1 1 3 KJbu forest
A 25 26 DA H SS 484 25 248 Qvg forest
A 53 5 5 DA H SS 491 25 293 Qvg forest
A 27 28 DA H rd 516 25 293 KJbu forest
A 460 479 DA H rd 495 25 293 KJbu forest
A 53 55 DA BS H SS oc 473 25 203 Ql alpine
A 51 5 3 DA BS N 491 25 203 Ql alpine
A 916 953 DA N 834 25 203 Ql forest
A 123 280 DA BS H rd 513 25 203 Ql aipine
A 25 26 DA H rd 91 2 25 203 Ked forest
A 904 941 DA H rd 1,042 45 23 Ked forest
A 415 432 DA H 750 25 293 KJbu forest
A 269 280 DA H 659 45 338 KJbu forest
A 160 167 DA H SS 00 793 25 23 KJbu forest
A 133 138 DA H rd 838 25 338 KJbu forest
A 748 779 DA H SS rd 637 12 23 KJbu forest
A 95 99 DA H SS rd 00 587 45 338 KJbu forest
A 130 135 DA H rd 588 25 338 KJbu forest
A 260 271 DA H SS 636 25 158 Qvg forest
A 26 27 DA H SS rd cc 702 25 248 KJbu forest
A 1 1 1 1 DA H SS 00 692 25 248 KJbu forest
A 55 57 DA H SS 683 25 248 KJbu forest
A 1,682 1,751 DA N SS 540 25 113 Qvg forest
A 704 733 DA H rd 573 45 293 KJbu forest
A 402 418 DA H rd 515 1 2 293 Qvg forest
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A 941 979 DA H SS OC 534 6 158 KJbu forest
A 669 696 DA H SS OC 660 25 158 C)vg alpine
A 74 77 DA N SS 706 45 158 but unvegetatec
A 308 321 DA N SS 877 45 113 but forest
A 893 929 DA N SS 1,034 45 113 but forest
A 589 613 DA N SS 1,103 25 158 but forest
A 242 252 DA N SS 1,134 25 113 but forest
A 83 86 DA N SS 1,138 25 113 but forest
A 704 733 DA N SS 1,049 45 113 but forest
A 699 728 DA N SS 1,020 45 113 but forest
F/A 303 563 DA H OC 621 45 293 JTrc forest
A 1,013 1,054 DA N 848 45 158 but forest
A 552 575 DA H SS 00 555 25 338 KJbu forest
A 2,540 2,644 DA H 00 552 6 158 Qvg forest
A 1,964 2,044 DA H 81 2 45 113 but forest
A 899 936 DA H SS 00 559 1 2 338 Qvg forest
A 359 374 DA BS H SS rd 00 696 25 338 Ql forest
A 181 188 DA BS H SS 00 709 25 338 Ql forest
F/A 225 260 DA H 00 637 84 293 JTrc forest
A 335 349 DA H SS 00 663 45 293 JTrc forest
A 177 184 DA H SS 641 45 293 JTrc forest
A 95 99 DA H SS 667 45 293 JTrc forest
F/A 98 36 DA H 00 748 45 293 JTrc forest
A 1,561 1,625 DA H SS 1,239 25 338 but forest
A 853 888 DA N SS 1,243 25 293 but forest
A 159 165 DA N SS 1,196 45 338 but forest
A 246 256 DA SE H SS 1,175 25 338 but forest
A 119 124 DA SE N SS 1,083 25 338 Ked forest
A 751 782 DA H SS rd 1,082 25 293 Ked forest
A 11 1 116 DA N SS 1,047 25 23 Ked forest
A 862 897 DA SE N 970 1 2 23 KJbu forest
A 628 654 DA SE H SS 00 937 25 293 KJbu forest
A 351 365 DA SE N 922 25 338 KJbu forest
A 246 256 DA N SS 973 1 2 293 but forest
A 234 244 DA N SS 957 25 293 but forest
A 64 67 DA H SS rd 699 25 293 KJbu forest
A 450 468 DA H SS rd 00 713 1 2 203 KJbu forest
A 737 767 DA H SS rd 00 712 1 2 203 KJbu forest
A 187 195 DA N 1,007 1 2 293 but forest
A 699 728 DA SE H SS 00 997 1 2 293 but forest
A 720 749 DA H SS 973 25 293 but forest
A 663 690 DA H SS 91 1 25 293 but forest
A 11,362 11,826 DA H SS 00 907 25 248 but forest
A 5,350 5,569 DA H SS 00 897 25 23 but forest
A 2,824 2,939 DA H SS 888 25 23 but forest
A 782 814 DA H SS 883 25 338 but forest















































































A 2,613 2,720 DA H SS 870 45 203 but forest
A 796 829 DA H SS OC 848 25 293 but alpine
A 976 1,016 DA H SS 841 25 248 but forest
A 1,087 1,131 DA BS H SS rd 781 45 338 Ql forest
A 324 337 DA BS H SS OC 714 25 338 Ql forest
A 54 56 DA BS N 709 25 293 Ql forest
A 255 265 DA BS H SS OC 693 25 248 Ql forest
A 322 335 DA H SS rd 00 798 45 248 JTrc forest
A 160 167 DA N 799 25 248 JTrc forest
A 335 349 DA H SS rd 00 578 1 2 338 Qvg forest
A 145 151 DA BS H rd 609 25 338 Ql forest
A 103 107 DA H rd 1,260 45 338 Pzbyg alpine
A 86 90 DA H 00 1,222 45 248 Pzbyg forest
A 405 422 DA H 00 965 25 248 PDcs forest
A 893 929 DA H rd 1,056 45 203 JTrc forest
A 47 49 DA H SS 00 986 45 68 KJs forest
A 502 523 DA H 00 869 45 68 Kjs forest
A 76 79 DA H SS 00 853 25 68 Kjs forest
A 206 214 DA H SS 00 861 45 23 Kjs forest
A 516 53 7 DA H 00 896 45 68 Kjs forest
A 802 835 DA H 00 884 45 113 Kjs forest
A 315 328 DA H SS 00 807 25 23 Kjs forest
A 159 165 DA H SS 514 25 68 Kjs forest
A 241 251 DA N SS 488 25 68 Qvg forest
A 31 1 324 DA H SS rd 510 25 23 Kjs forest
F/A 53 33 DA H rd 00 468 25 68 Qvg forest
A 63 66 DA H SS rd 00 803 45 23 Kjs forest
A 122 127 DA H SS 00 375 25 68 Qvg forest
A 93 97 DA H SS 368 25 68 Qvg forest
A 1,173 1,221 DA N SS 330 6 68 Qvg forest
A 1,314 1,368 DA SE H SS 350 6 248 Qvg forest
A 431 449 DA H SS rd 461 45 23 Qvg forest
A 66 69 DA H SS rd 382 1 2 68 Qvg forest
A 662 689 DA BS N 496 45 203 Ql forest
F/A 636 2,400 DA N SS 397 25 248 Qvg alpine
A 236 246 DA H SS rd 396 25 248 Qvg alpine
A 49 51 DA N SS 388 25 248 Qvg alpine
A 409 426 DA BS H SS 00 514 25 203 Ql forest
A 228 237 DA H SS 00 379 25 203 Qvg forest
A 1,401 1,458 DA H SS 00 340 1 2 158 Qvg forest
A 232 241 DA N SS 525 25 68 Kjs forest
A 972 1,012 DA N SS 533 25 68 Kjs forest
A 491 51 1 DA BS H SS 566 25 293 Ql forest
A 777 809 DA SE N SS 373 25 158 Qvg alpine
A 194 202 DA H SS rd 00 604 25 203 Kjs unvegetatec
A 33 34 DA BS N SS 706 25 203 Ql unvegetatec
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A 215 224 DA BS N SS 686 25 248 Ql unvegetatec
A 529 551 DA BS N 850 45 248 Ql unvegetatec
A 11 2 11 7 DA BS H OC 847 25 248 Ql unvegetatec
A 48 50 DA BS N 823 45 248 Ql unvegetatec
A 1,683 1,752 DA BS H SS rd OC 897 45 248 Ql forest
A 438 456 DA BS H rd 894 25 293 Ql forest
A 57 59 DA BS H SS rd OC 903 45 248 Ql forest
A 11 2 11 7 DA BS H SS OC 1,014 25 203 Ql forest
A 326 339 DA BS H SS rd OC 1,006 45 203 Ql forest
A 471 490 DA BS H SS rd OC 1,000 45 203 Ql forest
A 335 349 DA BS H SS rd 987 45 203 Ql forest
A 76 79 DA BS H SS OC 924 45 248 Ql forest
A 291 303 DA BS H SS OC 949 45 203 Ql forest
A 252 262 DA H SS rd OC 597 25 23 KJbu forest
A 246 256 DA H SS 404 1 2 203 Qvg forest
F 1,148 812 DA H SS rd OC 620 45 293 KJbu forest
F 2,062 1,458 DA H rd OC 932 45 293 JTrc forest
F 2,912 5,400 DA H OC 637 84 293 JTrc forest
F 1,258 9,000 DA H SS rd 477 45 203 Kjs forest
F 496 184 DA H rd 423 25 203 Qvg forest
F 65 110 DA H rd OC 645 45 293 JTrc forest
F 51 2 1,000 DA H rd 421 25 203 Qvg forest
F 451 368 DA H SS rd 549 6 338 KJbu forest
Total Delivered
112,256 87,560
A 12,410 40,175 DBS H rd 415 25 23 Qvg forest
F/A 2,838 11,880 DBS BS H SS rd 564 25 203 Ql forest
F/A 696 830 DBS BS H SS rd 432 25 158 Qvg unvegetatec
F/A 352 689 DBS BS H SS rd 442 25 158 Qvg unvegetatec
A 16,753 54,234 DBS N SS 542 84 338 KJbu forest
A 1,174 3,801 DBS H rd 603 25 338 KJbu forest
A 1,992 6,449 DBS H SS CO 548 25 338 KJbu forest
A 6,173 19,984 DBS H SS CO 543 1 2 293 Qvg forest
F/A 7,086 24,075 DBS H rd 654 45 113 but unvegetatec
A 6,580 21,301 DBS N SS 897 25 68 KJbu forest
A 1,454 4,707 DBS H SS rd 00 388 45 23 Qvg forest
A 3,963 12,829 DBS H SS 379 25 203 Qvg alpine
A 1,892 6,125 DBS H SS 392 1 2 338 Qvg forest
A 3,203 10,369 DBS H 401 1 2 203 Qvg forest
A 1,151 3,726 DBS H SS rd OC 582 1 2 68 KJbu forest
F 1,697 1,800 DBS H rd OC 619 45 338 KJbu forest
F 1,190 2,153 DBS H rd CO 616 45 338 KJbu forest
F 1,570 8,611 DBS H SS rd 607 45 293 KJbu forest
F 151 500 DBS H SS rd OC 616 45 293 KJbu forest
F 288 579 DBS H SS rd 616 45 293 KJbu forest
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F 275 728 DBS H SS rd 61 2 45 293 KJbu forest
F 516 2,052 DBS H SS rd 605 45 293 KJbu forest
F 11,035 47,740 DBS H SS oc 577 1 2 113 Qvg unvegetatec
Total Delivered
285,336 239,683
A 425 342 DF H rd 513 25 338 KJbu forest
A 1,994 1,605 DF BS H rd 1,016 25 68 Ked alpine
A 1,063 856 DF BS H rd 1,007 25 23 Ked alpine
A 56 45 DF H 785 1 2 293 KJbu forest
A 50 40 DF H 782 1 2 293 KJbu forest
A 130 105 DF H SS DC 698 25 23 KJbu forest
A 540 435 DF N SS 695 25 203 KJbu forest
A 2,645 2,129 DF N SS 968 45 113 but unvegetatec
A 2,098 1,689 DF N SS 1,052 45 158 but alpine
A 1,893 1,524 DF N SS 990 45 113 but unvegetatec
A 1,488 1,198 DF N SS 940 45 113 but unvegetatec
F/A 752 403 DF H CC 681 45 293 JTrc forest
A 804 647 DF H OC 645 84 293 JTrc forest
A 194 156 DF H 00 662 45 293 JTrc forest
A 1,794 1,444 DF BS H SS rd 00 81 2 45 338 Ql forest
A 1,697 1,366 DF BS H SS 00 845 45 338 OI forest
F/A 4,399 2,685 DF BS H SS rd 00 814 45 338 Ql forest
A 3,036 2,444 DF BS H SS rd 00 81 2 45 338 Ql forest
A 485 390 DF BS H SS rd 984 45 203 JTrc forest
A 1,948 1,568 DF BS H SS rd 924 25 203 JTrc forest
A 330 266 DF H rd 00 761 45 293 JTrc forest
A 194 156 DF H rd 1,245 45 293 Pzbyg unvegetatec
A 291 234 DF BS N SS 601 25 203 Ql unvegetatec
A 152 122 DF BS H rd 951 25 248 Ql forest
A 883 71 1 DF BS H rd 917 25 248 Ql forest
Total Delivered
22,559 18,949
Subbasin total - 
420,151 346,191
Bell Creek
A 81 7 850 DA N 848 12 11 3 but forest
A 157 163 DA N 1,265 45 203 PDcl forest
A 1 27 132 DA N 1,265 45 203 PDcl forest
A 54 56 DA N 1,192 45 203 PDcl forest
A 201 209 DA N 801 25 158 but forest
A 1,992 2,074 DA N 877 45 23 but forest
A 7,468 7,773 DA N 879 45 68 KJbu forest
A 1,301 1,354 DA N SS 1,090 45 158 KJbu forest
A 564 587 DA N SS 1,111 45 1 1 3 KJbu forest
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A 2,325 2,420 DA N SS 1,153 1 2 113 but forest
A 2,859 2,976 DA N ss 1,176 12 68 Ql forest
A 187 194 DA N SS 1,165 45 203 but forest
A 2,448 2,548 DA N ss 1,179 1 2 158 Ql forest
A 7,586 7,896 DA BS N ss 1,187 25 113 Ql alpine
A 1,138 1,184 DA BS N ss 1,195 1 2 203 Ql forest
A 167 174 DA N 639 45 11 3 Qvg forest
A 274 285 DA H oc 653 45 113 KJbu forest
A 87 91 DA H 613 45 113 KJbu alpine
A 4,421 4,602 DA SE N 578 1 2 158 Qvg forest
A 516 537 DA SE H 608 45 1 1 3 KJbu forest
A 239 249 DA SE H rd oc 621 1 2 248 Qvg forest
A 202 210 DA SE H ss rd 641 45 68 Qyal alpine
A 428 445 DA H ss 612 6 248 Qvg forest
A 864 899 DA N ss rd oc 644 45 68 Qyal alpine
A 72 75 DA N ss 992 84 203 JTrc forest
A 227 236 DA SE N ss 603 6 68 Qyal forest
A 278 289 DA SE N 647 6 203 Qvg alpine
A 21 9 228 DA H ss 00 640 6 203 Qvg alpine
A 258 269 DA N ss 670 45 68 Qvg forest
A 285 297 DA SE H ss 00 640 1 2 203 Qvg alpine
A 21 22 DA H ss 00 678 25 293 Qvg forest
A 102 106 DA H ss rd 00 692 25 293 Qvg alpine
A 1,155 1,202 DA N ss 839 45 248 JTrc forest
A 674 702 DA N 689 25 203 Qvg forest
A 610 635 DA N ss 660 6 203 Qvg forest
A 51 53 DA BS H ss rd 00 933 25 203 JTrc alpine
F/A 300 300 DA BS H ss rd 923 45 248 JTrc alpine
A 1,324 1,378 DA BS H ss rd 00 814 25 203 Qvg forest
A 482 502 DA H ss 00 988 25 203 PDcs forest
F/A 1 0 1 0 DA H ss rd 841 25 203 Qvg alpine
F 936 640 DA N ss 797 25 23 JTrc forest
A 1,668 1,736 DA N ss 920 45 23 but forest
A 609 634 DA N ss 896 45 23 but forest
A 615 640 DA N ss 833 45 23 Qvg alpine
A 378 393 DA N ss 870 45 23 but forest
A 620 645 DA N ss 803 45 23 Qvg forest
A 829 863 DA N ss 975 45 23 but forest
A 1,008 1,049 DA N ss 994 45 23 but forest
A 5,746 5,981 DA N ss 949 45 338 but forest
A 2,995 3,1 17 DA N ss 898 45 23 Qvg forest
A 2,460 2,561 DA N ss 724 25 203 KJbu forest
A 466 485 DA N ss 697 25 23 Qvg forest
A 70 73 DA N ss 71 3 25 23 Qvg forest
A 81 1 844 DA N ss 659 6 203 Qvg forest
A 99 103 DA N ss 1,087 45 113 KJbu forest
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z S5 GC O LU CO < O >
A 527 549 DA N SS
A 138 144 DA N ss
A 332 346 DA BS N SS
A 667 694 DA BS N ss
A 2,091 2,176 DA BS N ss
A 268 279 DA BS N ss
A 967 1,007 DA N ss
A 822 856 DA N ss
A 397 413 DA H ss
A 738 768 DA H ss
A 940 978 DA N ss
F 793 957 DA N ss
F 225 513 DA BS N ss
F 22 50 DA BS N ss
F 6,852 6,353 DA N ss
F 42 96 DA H ss
F 36 68 DA H ss
Total Delivered
80,223 62,574
F/A 2,009 4,028 DBS N ss
F/A 132 765 DBS H ss
F/A 394 683 DBS N ss
A 1,580 5,115 DBS SE N ss
A 2,853 9,236 DBS H ss
A 700 2,266 DBS H ss
F/A 1,330 11,700 C«S BS N ss
A 1,370 4,435 DBS N ss
A 4,659 15,082 DBS N ss
F/A 372 1,290 DBS N ss
F 11,883 36,000 DBS N ss
F 39 126 DBS N ss
F 7,021 22,729 DBS N ss
F 555 1,797 DBS N ss
Total Delivered
115,252 96,812
A 1 77 142 DF H
A 1,440 1,159 DF H ss
A 390 314 DF N
A 528 425 DF BS N
A 508 409 DF BS H
A 174 140 DF BS H ss
F/A 1,716 1,120 DF BS N ss







1,119 45 113 KJbu forest
1,159 25 68 but forest
1,166 25 113 Ql forest
1,199 25 68 Ql forest
1,192 25 113 Ql alpine
1,170 1 2 113 Ql forest
1,057 45 68 KJbu forest
959 45 158 KJbu forest
OC 903 45 158 but forest
876 45 113 but forest
863 84 248 JTrc forest
842 84 248 JTrc forest
795 25 158 Qvg forest
794 25 158 Qvg forest
736 25 248 Qvg forest
rcj 692 25 1 1 3 KJbu forest
rd 691 25 113 KJbu forest
607 1 2 248 Qvg forest
rd 759 1 2 293 KJbu alpine
598 1 2 293 Qvg forest
609 1 2 248 Qvg forest
1,065 45 248 PDcs forest
rd OC 790 25 23 JTrc alpine
1,202 1 2 113 Ql unvegetatec
1,147 25 158 but forest
944 45 203 KJbu forest
613 1 2 248 Qvg forest
586 12 248 Qvg forest
581 2 203 Qvg forest
626 1 2 248 Qvg alpine
633 6 113 Qvg alpine
629 45 11 3 KJbu forest
oc 565 6 338 Qyal forest
893 45 293 JTrc forest
00 824 45 11 3 KJbu alpine
rd 00 865 45 158 KJbu alpine
rd 00 850 25 203 Qvg alpine
819 25 203 Qvg forest
rd 804 25 23 JTrc forest
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A 581 468 DF H SS OC 861 45 23 JTrc forest
Total Delivered
7,037 5,911
A 967 1,007 RSL N 945 45 113 but forest
A 4,681 4,872 RSL N 1,116 84 1 58 but unvegetatec
A 653 680 RSL N 1,181 84 158 but alpine
A 768 799 RSL N 1,024 84 158 but unvegetatec
A 1,274 1,326 RSL N 916 45 11 3 but unvegetatec
A 1,174 1,222 RSL N 1,172 84 158 but unvegetatec
A 329 342 RSL N 1,201 84 113 but unvegetatec
A 2,564 2,669 RSL N 1,102 84 158 but unvegetatec
A 395 41 1 RSL N 1,102 84 113 but unvegetatec
A 9,099 9,471 RSL H 1,152 84 113 but unvegetatec
A 2,082 2,167 RSL N 1,081 45 158 but unvegetatec
A 11,364 11,828 RSL N 1,127 45 158 but forest
A 1,841 1,916 RSL N 1,081 45 158 but forest
A 91 1 948 RSL N 996 84 203 but forest
A 11,333 11,796 RSL N 1,024 84 158 but unvegetatec
A 3,478 3,620 RSL N 1,220 45 158 but alpine
A 9,371 9,754 RSL N 1,211 45 158 but alpine
A 8,533 8,882 RSL N 1,239 45 158 but forest
A 7,801 8,1 19 RSL N 968 45 23 but forest
A 3,055 3,179 RSL N 1,059 84 23 but unvegetatec
A 4,154 4,324 RSL N 1,454 45 203 but unvegetatec
A 375 390 RSL N 1,430 1 2 68 but unvegetatec
A 1,807 1,881 RSL N 1,318 45 203 but unvegetatec
A 5,310 5,527 RSL N 1,224 45 203 but unvegetatec
A 823 857 RSL N 1,108 45 203 but unvegetatec
A 1,916 1,994 RSL N 1,011 45 203 but unvegetatec
A 618 643 RSL N 1,266 45 158 but unvegetatec
A 11,736 12,216 RSL N 1,210 84 158 but unvegetatec






A 2,031 2,114 DA N 757 45 248 PDcs alpine
A 538 560 DA N SS 664 6 203 PDcs alpine
A 1,163 1,211 DA H SS OC 945 84 1 1 3 PDcs forest
A 997 1,038 DA N 960 84 113 PDcs forest
A 33 34 DA H rd 930 45 203 PDcs alpine
A 798 831 DA H rd 792 45 203 Qvg forest
A 494 514 DA H rd 829 25 248 PDcs forest
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A 699 728 DA
F/A 143 126 DA
A 646 672 DA
A 159 165 DA
A 153 159 DA
A 199 207 DA
A 1.035 1,077 DA
A 2,702 2,812 DA
A 1,867 1,943 DA
A 1,465 1,525 DA
A 452 470 DA
A 332 346 DA
A 765 796 DA
A 2,271 2,364 DA
F/A 674 1,320 DA
A 1,920 1,998 DA
A 858 893 DA
A 1,134 1,180 DA
A 840 874 DA
A 2,501 2,603 DA
A 122 127 DA
A 794 826 DA
A 693 721 DA
A 809 842 DA
A 843 877 DA
A 121 126 DA
F/A 104 144 DA
A 30 31 DA
A 161 168 DA
A 298 310 DA
A 599 623 DA
A 666 693 DA
F/A 79 100 DA
A 507 528 DA
F/A 99 1 18 DA
A 499 519 DA
A 1,044 1,087 DA
A 420 437 DA
A 185 193 DA
A 126 131 DA
A 70 73 DA
A 68 71 DA
A 1 3 1 4 DA
A 177 184 DA
A 290 302 DA
A 35 36 DA
o c*D ro
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H rd 837 1 2 203 PDCS
H SS rd 844 45 11 3 PDcs
H rd 820 45 203 PDcs
N 884 45 203 PDcs
N 842 25 203 PDcs
N 910 25 203 PDcs
N oc 853 45 158 PDcs
N 1,028 45 248 JTrc
N 896 45 158 JTrc
H SS oc 574 6 293 Qvg
SE N SS 587 1 2 293 Qvg
H SS 595 12 293 Qvg
SE N 604 1 2 338 Qvg
SE N 605 1 2 293 Qvg
H SS rd 640 1 2 203 Qvg
H rd 725 45 203 Qvg
N 959 84 158 JTrc
N SS 1,045 1 2 338 Qvg
SE N 1,064 45 248 Qvg
SE H oc 1,032 25 338 PDcl
H SS oc 1,010 45 293 PDcs
H SS rd 765 45 203 Qvg
H SS 715 25 158 Qvg
H SS 699 6 248 Qvg
BS H SS 1,024 45 203 PDcs
H 681 3 23 PDcs
H SS rd 925 1 2 338 MzPzt
H SS rd 983 45 68 JTrc
N SS 920 25 23 JTrc
N SS 881 45 293 PDcs
N SS 1,083 25 338 KJbu
H SS 00 1,056 12 338 MzPzt
H SS rd 866 45 203 PDcs
H 00 940 45 203 PDcs
H rd 860 45 113 PDcs
N SS 797 1 2 293 Qvg
H SS rd 00 81 1 45 158 Qvg
H SS rd 00 818 45 158 Qvg
H rd 827 45 158 Qvg
H rd 825 45 158 PDcs
H SS 00 878 45 11 3 PDcs
H SS 00 881 45 113 PDcs
H SS 00 859 45 11 3 PDcs
H SS 00 856 45 11 3 PDcs
H rd 908 25 11 3 PDcs












































































































o> O)0) 0T3 T3
A 126 131 DA H SS rd 932 45 68 PDcs forest
A 80 83 DA N SS 768 45 293 PDcs forest
A 169 176 DA H SS rd 1,053 45 248 PDcs forest
A 166 173 DA H SS rd 953 45 203 PDcs alpine
A 93 97 DA H SS rd 936 25 203 PDcs alpine
A 41 43 DA H SS rd oc 971 45 203 PDcs alpine
A 106 110 DA H SS rd oc 983 45 203 PDcs forest
A 69 72 DA H rd 931 25 68 PDcs forest
A 128 133 DA H rd oc 946 45 1 1 3 PDcs forest
A 59 61 DA N SS 1,263 84 203 JTrcd alpine
A 1,013 1,054 DA N 1,276 45 248 JTrc forest
A 447 465 DA N 1,171 45 203 JTrc alpine
A 419 436 DA N SS 1,161 84 68 MzPzg alpine
A 94 98 DA H SS oc 1,072 45 68 PDcs alpine
A 313 326 DA BS N 1,252 84 158 PDcs forest
F 777 666 DA H SS rd 00 924 45 203 PDcs alpine
F 621 614 DA H rd 00 926 45 203 PDcs alpine
F 197 241 DA H rd 860 25 293 PDcs alpine
F 202 264 DA H SS rd 831 25 158 PDcs alpine
F 714 413 DA H SS rd 831 45 158 PDcs forest
F 143 96 DA H rd 820 25 203 Qvg forest
F 73 42 DA H rd 1,140 45 248 JTrcd forest
F 7 6 DA H rd 1,131 45 248 JTrcd forest
F 30 54 DA N SS 901 25 203 PDcs forest
F 115 168 DA N SS 928 25 203 PDcs alpine
F 662 571 DA N SS 934 25 203 PDcs alpine
F 66 86 DA N SS 929 6 203 PDcs alpine
F 886 1,150 DA H SS 00 967 25 203 PDcs alpine
Total Delivered
45,675 35,626
F/A 1,393 6,800 DBS H 00 646 45 293 JTrc forest
F/A 249 300 DBS BS H 00 714 45 338 JTrc alpine
A 1,407 4,555 DBS SE N 602 25 338 Qvg forest
A 5,130 16,607 DBS SE N 609 6 158 Qvg forest
A 6,580 21,301 DBS SE N 1,029 25 248 Qvg forest
A 3,827 12,389 DBS H SS 00 1,081 45 248 Qvg forest
A 4,132 13,376 DBS SE H 00 1,081 45 248 Qvg forest
F/A 220 245 DBS H SS rd 00 1,008 45 68 JTrc forest
F/A 1,665 2,779 DBS N SS 574 6 293 Qvg forest
F/A 1,119 1,688 DBS N SS 592 1 2 293 Qvg forest
A 1,523 4,930 DBS H rd 930 25 1 1 3 PDcs forest
A 9,623 31,152 DBS BS N 1,293 45 203 JTrcd forest
F 297 1,015 DBS H rd 1,036 45 203 PDcs alpine
F 470 720 DBS N SS 620 1 2 293 Qvg forest
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F 491 420 DBS H SS DC 964 45 203 PDcs alpine
Total Delivered
118,279 99,354
A 944 760 DF BS N 685 45 338 Qvg forest
A 309 249 DF H OC 1,182 45 203 JTrcd forest
A 66 53 DF BS H CC 681 45 338 JTrc alpine
A 409 329 DF BS H rd CC 857 45 293 JTrc alpine
A 696 560 DF BS H rd 843 45 293 JTrc forest
A 1,568 1,262 DF H 1,017 45 293 JTrc forest
A 15,319 12,330 DF H 629 1 2 338 Qvg forest
A 1,156 930 DF H rd 618 1 2 338 Qvg forest
A 1,701 1,369 DF BS H SS 1,034 25 203 PDcs forest
A 1,318 1,061 DF BS H SS 1,036 45 248 PDcs forest
F/A 305 198 DF H SS rd 839 25 248 PDcs forest
A 368 296 DF H SS CC 847 45 68 PDcs forest
A 849 683 DF N SS 839 45 68 PDcs forest
F 779 540 DF H rd 818 25 203 Qvg forest
F 966 960 DF H rd 819 25 203 Qvg forest
F 604 960 DF H rd 816 25 203 Qvg forest
F 464 560 DF H SS rd 837 45 158 PDcs forest
F 55 51 DF 1,268 84 248 JTrcd forest
F 300 281 DF H rd 920 45 68 PDcs alpine









Universal Soil Loss Equation and Revised Universal Soil Loss Equation
The following is a detailed discussion of the Universal Soil Loss Equation (USLE) 
and the Revised Universal Soil Loss Equation (RUSLE) introduced in the 
sediment production section. The following changes have been made to the 
USLE to yield the RUSLE (Renard et al., 1991b):
• Adaptation of the factors and subfactors algorithms for computers.
• Addition of rainfall and runoff data for the Pacific Coast.
• Incorporation of a freeze-thaw subfactor for the soil erodibility term.
• Development of a subfactor approach for the cover-management factor
(Because of data requirements fot he RUSLE cover-management subfactor
approach, the USLE method was used to calculate the cover-management
factor).
• Development of algorithms to account for rill and interill erosion and for the
complexity of non-uniform slopes.
The RUSLE is divided into four major factors and takes the form
A= R* K* (LS) * (CP) (1)
where A is the computed soil loss (tons ac'' yr'i), R is the rainfall and runoff 
factor, K is the soil erodibility factor, LS is the topography factor and CP is the 
cover management-supporting practice factor (Renard et al., 1991a). RUSLE 
predicts the amount of sediment set in motion but not the amount of sediment 
delivered to stream channels. To account for localized sediment deposition, a 
delivery factor (D) is amended to equation 2
A = R * K * (LS) * (CP) * D (2)
The D factor has been applied to the USLE by Eide (1990) and Raines (1991) for 
sediment budget studies in the Pacific Northwest.
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The rainfall and runoff factor (R) represents erosivity of the climatic inputs, 
rainfall and runoff, that drive sheetwash and rilling processes. Wischmeier 
(1974) found that known R values can be approximated by the equation
R = 27.38 P 217 (3)
where P is the 2 year 6 hour storm. For the South Fork drainage, the P value is 
1.8 in hpi (Miller et al., 1973), yielding an R of 98. Adjusting the value of R to 
account for the portion of annual precipitation falling as snow is not 
recommended for use with the RUSLE because the redistribution of snow after it 
falls (e.g. drifting, differential melt) confuses the R factor calculation 
(Renard et al., 1991a).
The soil erodibility factor (K) represents the erosive resistance of the soil to 
applied external force. The K factor attempts to quantify the long-term soil 
profile response to the erosive power of rainfall events.
Soil erodibility data for the South Fork drainage were obtained from the US 
Department of Agriculture Soil Conservation Service (SCS) (Goldin, 1992). The 
SCS has measured soil erodibility for a wide range of soil types. These data are 
applied to the soil series (or types) in the South Fork drainage. I assigned a 
value of 0.17 to soil derived from dunite and 0.18 to soil derived from alluvial 
deposits and non-dunite bedrock units.
The topography factor (LS) accounts for the effects of slope length (L) and 
hillslope gradient (S). Soil loss increases as the length of slope subject to 
overland flow increases. Soil loss also increases as gradient steepens. The rate 
of soil loss is increased more by a change in gradient than by an increase in 
slope length (Renard et al., 1991a).
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The effect of slope-length (L) on soil loss is computed with the equation
L= (?i 72.6-1 (4)
where X is the planform hillslope length in feet, 72.6 is the unit slope-length in 
feet and m is variable hillslope length exponent (Wischmeier and Smith, 1978). 
The exponent m, is calculated by the equation (Foster et al., 1977)
m = (3(1 + p)-i (5)
where P is the ratio of rill (sheetwash) to inter-rill (rainsplash) erosion, calculated 
by the equation (McCool et al., 1989):
P = [sin 0 (0.0896)-''][3.0(sin 0)0-8 + 0.56]-1 (6)
where 0 is the slope angle in degrees.
The hillslope gradient subfactor (S) is computed for slopes less than 4.5 m with 
the equation (McCool et al., 1987)
S = 3.0 sinO-8 e + 0.56 (7)
where 0 is the slope angle in degrees. Equation 7 assumes no rill erosion 
because of the short slope length. The dense vegetation in the South Fork 
drainage limits the length of overland flow to short slope lengths, thereby 
preventing the formation of rills except in areas where the vegetation has been 
completely stripped from the soil.
The hillslope gradient subfactor (S) is computed for slopes greater than 4.5 m in 
length with the equations (McCool et al., 1987)
S = 10.8 sin 0 + 0.03 (8)
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where 9 is less than nine percent (5°), and
S = 16.89 sin e + 0.5 (9)
where 0 is greater than nine percent.
Hillslope length (X) was measured in the field using a tape measure or optical 
range finder. Hillslope gradient (0) was measured in the field using the 
inclinometer on a Brunton compass.
The topography factor deals with concave, convex and irregular slopes by 
breaking the slope into a number of smaller segments with similar 
characteristics. Slopes were classified in the field. The topographic factor is a 
weighted average of the topographic factors for the individual slope segments.
The cover management-supporting practices (PC) represents cover density (C), 
including vegetation and surface armoring, and management state of the soil (P).
The cover management factor (C) is largely designed to represent soils tilled for 
agricultural uses. The C factor is divided into four subfactors: prior land use, 
canopy structure, surface cover and surface roughness. Determination of the C 
factor along these lines requires data that are readily available for agricultural 
lands but not forest lands. Therefore, I used the LISLE C factor equation 
(Wischmeier and Smith, 1978)
C = b*m (10)
where b is the percent bare soil and m is the mulch factor. The percent bare soil 
was estimated in the field. Mulch factor is a function of raindrop fall distance 
from the canopy and the percent of ground surface covered by particles larger 
than 2 mm. Raindrop fall distance is the average of 25 measurements made at
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each RUSLE site using a meter stick or tape measure. The percent ground 
cover was estimated visually and with the aide of a particle size card. The mulch 
factor values were obtained by applying the field data to the tables in the C factor 
evaluation section of Dissmeyer and Forester (1984).
The support practices factor (P) is the ratio of soil loss by conservation tillage to 
the soil loss by straight row tillage. Since tilling is not practiced in the South Fork 
drainage, the support practiced factor is assigned a value of unity.
The delivery factor (D) is the ratio of the sediment set in motion by sheetwash 
and rill erosion to the sediment actually delivered to a stream channel. The 
delivery factor is determined for the RUSLE plot by visual inspection of the site. 
Criteria considered when assigning a delivery factor include gully network, 
vegetative buffer, break in slope and the distance to the nearest stream channel. 
Sites that were close to flowing streams and contained an interconnected gully 
network were assigned a D factor of 1. Sites that had no visible gullies and were 
otherwise buffered from a stream channel were assigned a D factor of 0.01.
147
APPENDIX C
























































































0a IS.3 3 i 42









3 00 p8 0P! 66
7 0
3 5
9 0 03 0 34
5
8
CM — CM 0' *■ p' CM CM P
s s s 8 <71 Mr - 0 0 0 0 5 0 0 0 0 S 0(M 8 8 0 8 8 a a





0. Z1 8 ISCM 0 8 00 0p.
k 00 CM 0 0, fs 0 0 3 0
M




0 0 b 0 0
19
lo
e0 0 ® CMCM 3
5 0 0 0 0 0 0 0 0
001 0 22 1 0 0 158 1 0 24 0 45 3 0z
(0 0 0
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
b 0 b 0 b 0 0 0 b 0 0 0 0 0 0 b 0 0 0 0 0 0
0 an
ocvN<*>tntnninrwN(^(VNOj<»n«(u
^ « lO p V I i*>p>r»rtrtnrtp»
! S S S S
> o O O r>
o o o o
> m tn tf>
, o o o
» o o e eSSSStnm«Am
oooooooo
• r*. o m o «
• o •- ® p <I CM <o n ( '' ri ^ of cy' <
w p Oi o o> 9> 
tSi' W <v m' p‘ «-■ p •' fs.' V 
n — • o — —
o e o o 'v ot I
r^ Cs fc ts <fi » c« cn n o « < 
b b o b 6 <
^ « 0 
o b o 22$228SSboobbboo
^bbb<^*n<poooo0^p<nm0J> oo5ino»o»rvni
) • • o» I
t b b o a
m « «^ —b b o bbboobbb
8 000^^ o<Mooob^'‘bs>9'noBoo>^me»SBpin0a»r)nr«
« n> CM 0 .
I p m 9 <I « p r» a
CM o CM a
> b b ri CM V W CM CM* CM* ^ <
p p (® an (
CM CM J
toPf^r^cM'*
S — M P 0 Ift 0 n p 3 0
W <n ai
n — ^ p o
Ok p P CM P P0 r» « 3 3
2 if *'<" C* •*CMP^CM cnCMCM^0CM**CMv«> CM
0 0 O
s 81 ab 0* 0*
I r» fo. rs rs I
0pr-«^0rs.Q<^00^«0P 03l p<^0m3o^«OJ<
CM0CMmcMr>><n0®^0 a s R1cm" 0* n .
88888888bbbbbbbo 8 8 8bob 8 8 8bob
: r 8 z 2 2 2) o B o o o B
' o o o o o a
8 8
o b b
ooog^opoooo; > g o o>
6aaz-a2S2251S22!?!?!?P^PPPP PP0^CMnpa
I It ^ I g It I
88SS»8888883RRSS3noomrtrt rtrtnwrtwwrtrtnao
CM p 0 P 9>
m CM CM 0 ■
: s 8 o o e o o0 0 0 0 0
O P o o o
5 S S
0 — 0
g O P 0 g
S 9 P 0 P
o* 0* p —■ p'
r* 0 CM
S 9 S
b b b •Sanao o o o o
o p an p o
s • so o o • • ?5 So o b b b
> o <n> B P
ro o p














J CM CM CM ^
r« 0 0 CM
— 0 O 0 O
8. 3 « r R
rC V 0' 0' V
: 8 8 8 8 8 8 8
: 8 S 8 ”
O CM 0 P p
2 5S2g
ri ri ri ri
8 8 § i 8
00000
s : = S :B o o B o 
00000
o o 0 g 8
a. a. O o a.
CM ^ O f» 0
— n CM CM CM
«I s






- 2 ■* ■s < I 
s S •i ‘«3- e S
? * 
* 5
^ P s 
I 1 8£ O lu
:s
t M




CM n « 0 p rs.
149
J
R
oa
d 
U
M
 fa
ct
or
s 
«•
 ti
st
sd
 in
 T
ab
is
 1
3.
Si
gn
ifi
ca
nt
 fig
ur
es
 w
er
e 
cw
ris
d 
9>
ro
ug
h 
al
l c
al
cu
la
lio
ns
 M
tt 
tts
 fi
na
l t
ot
al
 ro
un
ds
d 
to
 th
e 
ne
ar
es
t 1
00
0 
cu
bi
c 
m
et
er
s.
 Se
e 
Ta
bl
e1
9
